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Abstract 

Despite its successes, quantum mechanics (QM) has remained mysterious to all 
who have encountered it. Starting with Bohr and progressing into the present, the 
departure from intuitive, physical reality has widened. The connection between 
QM and reality is more than just a "philosophical" issue. It reveals that QM is 
not a correct or complete theory of the physical world and that inescapable inter- 
nal inconsistencies and incongruities arise when attempts are made to treat it as 
physical as opposed to a purely mathematical "tool " Some of these issues are 
discussed in a review by F. Laloe [Am, J. Phys. 69, 655 (2001)). In an attempt to 
provide some physical insight into atomic problems and starting with the same es- 
sential physics as Bohr of e moving in the Coulombic field of the proton and the 
wave equation as modified by Schrodinger, a classical approach is explored that 
yields a remarkably accurate model and provides insight into physics on the 
atomic level The proverbial view, deeply seated in the wave-particle duality no- 
tion, that there is no large-scale physical counterpart to the nature of the electron 
may not be correct Physical laws and intuition may be restored when dealing 
with the wave equation and quantum-mechanical problems. Specifically, a theory 
of classical quantum mechanics (CQM) is derived from first principles that suc- 
cessfully applies physical laws on all scales. Rather than using the postulated 
Schrodinger boundary condition " ' -> 0 as r -> co t " which leads to a purely 
mathematical model of the electron, the constraint is based on experimental ob- 
servation. Using Maxwell's equations, the classical wave equation is solved with 
the constraint that the bound (n = l)-state electron cannot radiate energy. By fur- 
ther application of Maxwell's equations to electromagnetic and gravitational 
fields at particle production, the Schwarzschild metric is derived from the classi- 
cal wave equation, which modifies general relativity to include conservation of 
space-time in addition to momentum and matter/energy. The result gives a natural 
relationship among Maxwell's equations, special relativity, and general relativity. 
CQM holds over a scale of space-time of 85 orders of magnitude — it correctly 
predicts the nature of the universe from the scale of the quarks to that of the cos- 
mos. A review is given by G. Landvogt [Internal. J. Hydrogen Energy 28, 1155 
(2003)]. 
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1. INTRODUCTION 

The hydrogen atom is the only real problem for 
which the Schrodinger equation can be solved without 
approximations; however, it only provides three quan- 
tum numbers, not four, and inescapable disagree- 
ments between observation and predictions arise from 
the later postulated Dirac equation as well as the 
Schrodinger equation/ 3 " 5 * Furthermore, physical laws, 
such as Maxwell's equations, have a physical basis, 



unlike Dirac's and Schrodinger's equations, which 
must be accepted without any underlying physical 
basis for fundamental observables such as the stability 
of the hydrogen atom in the first place, which is al- 
ways disconcerting to those that study quantum me- 
chanics (QM). In this instance, a circular argument 
regarding definitions for parameters in the wave equa- 
tion solutions and the Rydberg series of spectral lines 
replaces a prediction of those lines based on first 
principles/ 3 " 5 * Nevertheless, the application of the 
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Schrodinger equation to real problems has provided 
usefol approxhnations for physicists and chemists. 
ScSoding P er interpreted e**(*)W as the charge 
density of the amount of charge between x andx^ 
OF* is the complex conjugate of Y). 7^^' 
hen he pictured the electron to be spread over large 
Sons o P f space. Max Bom, who was working with 
scSng tory, later found that Schr6dinger's inter- 
SeSed to inconsistencies, so he replaced it with 
probability of finding the electron between x and x 
+ <£xas 



\V(xy¥\x)dx. 



(1) 



Bom's interpretation is generally accepted Nonethe- 
f e rinte^tation of the wave-function is a never- 
ending source of confusion and conflict. Many scien- 
S have solved this problem by conveniently adopt- 
ing th Schrodinger interpretation for some problems 
Z to Bom interpretation for others Tins duality 
allows the electron to be everywhere at one time — 
yet haveno volume. Alternatively, the electron can be 
viewed as a discrete particle mat moves here and 
m e7e(fromr=0tor = «>),andW gives the time 
average of this motion. Despite its successes, after 
decades of futility, QM and the intrinsic Heisenberg 
uncertainty principle have not yielded a unified ^the- 
^TmpaJf mathematical, and have yet to be 
shown to be based on reality. (5) Both are based on 
Sr arguments that the electron is a point with no 
voTle with a vague probability wave requiring that 
the electron have multiple positions and energy in- 
cluding negative and infinite energies simultaneously 
my be time to revisit the 75-year-old notion that 
fundamental particles such as the electron are one- or 
S-ZiensiLl and obey different physicd ^aws 
than objects comprising fundamental particles and foe 
evTn more disturbing view that fundamental particles 
tort obey physical laws - rather they obey mathe- 
matics devoid of physical laws. Perhaps maAematics 
does not determine physics. It only models 

The Schrodinger equation was originally postulated 
in 1926 as having a solution of the one-elytron atom, 
tt gives the principal energy levels of the hydrogen 
atom as eigenvalues of eigenfunction solutions of the 
Guerre differential equation. But, whence princi- 
pal quantum number n is much greater than 1 foe 
eigeifunctions become nonsensical since they are 
sinusoidal over all space; thus they are nomntegrab e 
cannot be normalized, and are infinite* > Depute Us 
wide acceptance, on deeper inspection, the 



Schrodinger equation solution is plagued with many 
£Hi well as difficulties in terms of a physical 
n erpretation that have caused it to remain controver- 
ridSnce its inception. Only ; the one-ekctron atom 
mav be solved without approximations, but the equa 
tion fail to predict electron spin and leads to models 
will nonsensical ^^^Sm 
erev states of the vacuum, infinities, and negative 
Stic energy. In addition to many predictions, which 
2 do not agree with observations, the 
sSinger equation and succeeding extensions pre- 
d^nonfausality, nonlocality, spooky actions at a 
distance or quantum telepathy, perpetual motion, and 
many internal inconsistencies where contracting 
statements have to be taken true simultaneously. 
TSTiStrf previously^ that the behavior of 
free electrons in superfluid 1 helium has again .forced 
the issue of the meaning of the wave-function. Elec- 
frons form bubbles in superfluid helium, w^f reveal 
that the electron is real and that a physical interpreta- 
tion of the wave-function is necessary. Fu^ermore 
when irradiated with light of energy of about 0.5 to 
^a electron volts,< 7 *foe elections carry current a 
different rates as if they exist with different sizes. It 
" proposed that the behavior of free electrons 
in superfluid helium can be explained » terms the 
election breaking into pieces at superfluid helium 
temperatures. (7) Yet the electron has proved to be in- 
Sble even under particle accelerator; gfem* 
90 GeV (Large Electron Positron Collider IT). I he 
nature of the wave-function needs to be addressed. I 
Se for the physical rather than the mathematical 
nature of the wave-function to be determined. 
Tom the time of its inception, QM has been con- 
troversial because its foundations are m conflict with 
physical laws and are internally inconsistent. Interpre- 
tations of QM such as hidden variables, multiple 
worli consistency rules, and spontaneous collapse 
ha^e been put forward in an attempt to base the the- 
in reality. Unfortunately, many theoreticians ig- 
nore me requirement that the wave-function be real 
™d physical in order for it to be considered a ^vahd 
description of reality. For example, regarding this 
f "chs and Peres believe,^ "Contrary to those 
desires quantum theory does not describe physical 
SENS* ^ does is provide an * 
ZtiZ probabilities for macroscopic events ( detector 
ticks') tiiat are the consequences of our experimental 
Mentions. This strict definition of the scope of 
quantum theory is the only interpretation ever needed, 
whether by experimenters or theorists. 
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With Penning traps, it is possible to measure transi- 
tions including those with hyperfine levels of elec- 
trons of single ions. This case can be experimentally 
distinguished from statistics over equivalent transi- 
tions in many ions. Whether many or one, the transi- 
tion energies are always identical within the resonant 
line width. So probabilities have no place in describ- 
ing atomic energy levels. Moreover, quantum theory 
is incompatible with probability theory since it is 
based on underlying unknown, but determined, out- 
comes, as discussed previously. (5) 

The Copenhagen interpretation provides another 
meaning of QM. It asserts that what we observe is all 
we can know; any speculation about what an electron, 
photon, atom, or other atomic-sized entity is really or 
what it is doing when we are not looking is just that 
— speculation. The postulate of quantum measure- 
ment asserts that the process of measuring an observ- 
able forces it into a state of reality. In other words, 
reality is irrelevant until a measurement is made. In 
the case of electrons in superfluid helium, the fallacy 
with this position is that the "ticks" (migration times 
of electron bubbles) reveal that the electron is real 
before a measurement is made. Furthermore, experi- 
ments on transitions on single ions such as Ba in a 
Penning trap under continuous observation demon- 
strate that the postulate of quantum measurement of 
QM is experimentally disproved, as discussed previ- 
ously.^'^ These issues and other such flawed philoso- 
phies and interpretations of experiments that arise 
from QM were discussed previously/ 3-5 * 

QM gives correlations with experimental data. It 
does not explain the mechanism for the observed data. 
But it should not be surprising that it gives good cor- 
relations given that the constraints of internal consis- 
tency and conformance to physical laws are removed 
for a wave equation with an infinite number of solu- 
tions, where the solutions may be formulated as an 
infinite series of eigenfunctions with variable parame- 
ters. There are no physical constraints on the parame- 
ters. They may even correspond to unobservables 
such as virtual particles, hyperdimensions, effective 
nuclear charge, polarization of the vacuum, worm 
holes, spooky action at a distance, infinities, parallel 
universes, and faster than light travel. If the con- 
straints of internal consistency and conformance to 
physical laws are invoked, QM has never successfully 
solved a physical problem. 

Throughout the history of quantum theory, wher- 
ever there was an advance to a new application, it was 
necessary to repeat a trial-and-error experiment to 
find which method of calculation gave the right an- 
swers. Often the textbooks present only the successful 
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procedure as if it followed from first principles and do 
not mention the actual method by which it was found. 
In electromagnetic theory based on Maxwell's equa- 
tions, one deduces the computational algorithm from 
the general principles. In quantum theory, the logic is 
just the opposite. One chooses the principle to fit the 
empirically successful algorithm. For example, we 
know that it required a great deal of art and tact over 
decades of effort to get correct predictions out of 
quantum electrodynamics (QED). For the right ex- 
perimental numbers to emerge, one must do the calcu- 
lation (i.e. subtract off the infinities) in one particular 
way and not in some other way that appears in princi- 
ple equally valid. There is a corollary, noted by 
Kallen: from an inconsistent theory, any result may be 
derived. 

Reanalysis of old experiments and many new ex- 
periments including electrons in superfluid helium 
challenge the Schrodinger equation predictions. Many 
noted physicists have rejected QM. Feynman also 
attempted to use first principles including Maxwell's 
equations to discover new physics to replace QM. (10) 
Other great physicists of the 20th century have 
searched: "Einstein ... insisted ... that a more de- 
tailed, wholly deterministic theory must underlie the 
vagaries of quantum mechanics. 1 ^ He felt that sci- 
entists were misinterpreting the data. These issues and 
the results of many experiments, such as the wave- 
particle duality, the Lamb shift, anomalous magnetic 
moment of the electron, transition and decay life- 
times, and experiments invoking interpretations of 
spooky action at a distance such as the Aspect ex- 
periment, entanglement, and double-slit-type experi- 
ments, are shown to be absolutely predictable and 
physical in the context of a theory of classical quan- 
tum mechanics (CQM) derived from first princi- 
ples/ 3 "^ Using the classical wave equation with the 
constraint of nonradiation based on Maxwell's equa- 
tions, CQM gives closed-form physical solutions for 
the electron in atoms, the free electron, and the free 
electron in superfluid helium, which match the obser- 
vations without requiring that the electron be divisi- 
ble. Moreover, unification of atomic and large-scale 
physics — the ultimate objective of natural theory — 
is enabled. CQM holds over a scale of space-time of 
85 orders of magnitude — it correctly predicts the 
nature of the universe from the scale of the quarks to 
that of the cosmos. 
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2 CLASSICAL QUANTUM THEORY OF THE 
ATOM BASED ON MAXWELL'S EQUA- 
TIONS THAT HOLDS OVER ALL SCALES 
In this paper the old view that the electron is a zcjo- 
or one-dimensional point in an all-space probability 
wave-function is not taken for granted. The the- 
ory of CQM, derived from first principles, must suc- 
cessfully and consistently apply Phy^ s « n n f 
scales ( ^ 5) Historically, the point at which QM broke 
with classical laws can be traced to the issue of non- 
radiation of the one-electron atom that was addressed 
by Bohr with a postulate of stable orbits m defiance 
of the physics represented by Maxwell s equa- 
tions^ Later, physics was replaced by pure 
mathematics" based on the notion of the ^explicable 
wave-particle duality nature of electrons, which lead 
to me Schrodinger equation, where the consequences 
of radiation predicted by Maxwell's equations were 
ignored. Ironically, both Bohr and Schrodinger used 
the electrostatic Coulomb potential of Maxwell s 
equations but abandoned the electrodynamic laws. 
Physical laws may indeed be the root of the observa- 
tions thought to be "purely quantum mechanical, and 
it may have been a mistake to make the assumption 
that Maxwell's electrodynamic equations must be 
rejected at the atomic level. Thus, in the present ap- 
proach, the classical wave equation is solved with the 
constraint that a bound (« = Instate electron cannot 

radiate energy. , , 

Thus here, derivations consider the electrodynamic 
effects of moving charges as well as the Coulomb 
potential, and the search is for a solution representa- 
tive of the electron where there is acceleration ot 
charge motion without radiation. The mathematical 
formulation for zero radiation based on Maxwell s 
equations follows from a derivation by Haus. The 
function that describes the motion of the electron 
must not possess space-time Fourier components that 
are synchronous with waves traveling at the speed ot 
light. Similarly, nonradiation is demonstrated based 
on the electron's electromagnetic fields and the Poyn- 
ting power vector. . 

In this paper a summary of the results of 
COM (3,i3,i4) ig presen ted. (The details of the deriva- 
tions are given in Ref. 3.) Specifically, CQM gives 
closed-form solutions for the atom including Ihe sta- 
bility of the n = 1 state and the instability of the ex- 
cited states, the equation of the photon and electron m 
excited states, and the equation of the free electron 
and photon, which predict the wave-particle duahty 
behavior of particles and light. The current and charge 
density functions of the electron may be directly 



physically interpreted. For example, spin angular 
momentum results from the motion of negatively 
charged mass moving systematically, and the equa- 
tion for angular momentum, r * p, can be applied 
directly to the wave-function (a current density func- 
tion) that describes the electron. The magnetic mo- 
ment of a Bohr magneton, Stem-Gerlach experiment, 
g factor, Lamb shift, resonant line width and shape, 
selection rules, correspondence principle, wave- 
particle duality, excited states, reduced mass, rota- 
tional energies, momenta, orbital and spin splitting, 
spin-orbital coupling (fine structure), Knight shift, 
spin-nuclear coupling (hyperfine structure), muonium 
hyperfine structure interval, ionization energies ot 
multi-electron atoms, elastic electron scattering from 
helium atoms, and nature of the chemical bond are 
derived in closed-form equations based on Maxwell s 
equations. The calculations agree with experimental 

observations. 

For any kind of wave advancing with limiting ve- 
locity and capable of transmitting signals, the equa- 
tion of front propagation is the same as the equation 
for the front of a light wave. By applying this condi- 
tion to electromagnetic and gravitational fields at par- 
ticle production, the Schwarzschild metric (SM) is 
derived from the classical wave equation, which 
modifies general relativity to include conservation of 
space-time as a consequence of (175) (See Ret. 3, 
Chap 23, and footnote 7 of Chap. 23), in addition to 
momentum and matter/energy. The result gives a 
natural relationship between Maxwell's equations, 
special relativity, and general relativity. It gives gravi- 
tation from the atom to the cosmos. The universe is 
time harmonically oscillatory in matter energy and 
space-time expansion and contraction with a mini- 
mum radius that is the gravitational radius. In closed- 
form equations with fundamental constants only, 
COM gives the deflection of light by stars, the pre- 
cession of the perihelion of Mercury, the particle 
masses, the Hubble constant, the age of the universe, 
the observed acceleration of the expansion, the power 
of the universe, the power spectrum of the universe, 
the microwave background temperature, the umform- 
ity of the microwave background radiation at 2.7 Jv 
with the microkelvin spatial variation observed by the 
degree angular scale interferometer (DASI), the ob- 
served violation of the GZK cutoff, the mass density, 
the large-scale structure of the universe, and the iden- 
tity of dark matter, which matches the criteria for the 
structure of galaxies. In a special case where the 
gravitational potential energy density of a black hole 
equals that of the Planck mass, matter converts to 
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energy and space-time expands with the release of a 
gamma-ray burst. The singularity in the SM is elimi- 
nated. 

3. ONE-ELECTRON ATOMS 

One-electron atoms include the hydrogen atom, 
He + , Li 2+ , Be 3+ , and so on. The mass energy and an- 
gular momentum of the electron are constant; this 
requires that the equation of motion of the electron be 
temporally and spatially harmonic. Thus the classical 
wave equation applies and 



f(r) = \s(r-r n ). 



(3) 



This function defines a constant charge density on a 
spherical shell where r n = nr u where n is an integer in 
an excited state as given in Section 13, and (2) be- 
comes the two-dimensional wave equation plus time 
with separable time and angular functions. Given time 
harmonic motion and a radial delta function, the rela- 
tionship between an allowed radius and the electron 
wavelength is given by 



2 \ 



V 2 - 



v 2 dt 2 



p(r,0,£O = O, 



(2) 



where p(r, 0 y <f>, t) is the time-dependent charge den- 
sity function of the electron in time and space. In gen- 
eral, the wave equation has an infinite number of so- 
lutions. To arrive at the solution that represents the 
electron a suitable boundary condition must be im- 
posed. It is well known from experiments that each 
single atomic electron of a given isotope radiates to 
the same stable state. Thus the physical boundary 
condition of nonradiation of the bound electron was 
imposed on the solution of the wave equation for the 
time-dependent charge density function of the elec- 
tron/*^ The condition for radiation by a moving point 
charge given by Haus (12) is that its space-time Fourier 
transform possess components that are synchronous 
with waves traveling at the speed of light. Con- 
versely, it is proposed that the condition for nonradia- 
tion by an ensemble of moving point charges that 
makes up a current density function is as follows: 

For nonradiative states, the current density func- 
tion must not possess space-time Fourier compo- 
nents that are synchronous with waves traveling 
at the speed of light. 

The time, radial, and angular solutions of the wave 
equation are separable. The motion is time harmonic 
with frequency ay n . A constant angular function is a 
solution to the wave equation. Solutions of the 
Schrodinger wave equation making up a radial func- 
tion radiate according to Maxwell's equation, as 
shown previously by application of Haus's condi- 
tion/"^ In fact, it was found that any function that 
permitted radial motion gave rise to radiation. A ra- 
dial function that satisfies the boundary condition is a 
radial delta function 



(4) 



where the subscript n is determined during photon 
absorption as given by (77). Using the observed de 
Broglie relationship for the electron mass, where the 
coordinates are spherical (this relationship is derived 
in Chap. 3 of Ref. 3), we have 



m c V n 



(5) 



and the magnitude of the velocity for every point on 
the orbitsphere is 



m e r n 



(6) 



The sum of ^e |L,|, the magnitude of the angular 
momentum of each infinitesimal point of the or- 
bitsphere of mass nth must be constant. The constant 
is h: 



2|LJ=2|rx/n.v|=w e r rt = ft. 



m e r n 



(7) 



Thus an electron is a spinning, two-dimensional 
spherical surface (zero thickness 1 ), called an electron 
orbitsphere, that can exist in a bound state at only 
specified distances from the nucleus, as shown in Fig. 

1. The corresponding current function shown in Fig. 

2, which gives rise to the phenomenon of spin, is de- 
rived in Section 4. (See the Appendix of this paper 
and the Orbitsphere Equation of Motion for £ = 0 sec- 
tion of Ref. 3 at Chap. 1.) 

Nonconstant functions are also solutions for the an- 
gular functions. To be a harmonic solution of the 
wave equation in spherical coordinates, these angular 
functions must be spherical harmonic functions. A 

5 
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zero of the space-time Fourier transform of the prod- 
uct function of two spherical harmomc angular func- 
tions, a time harmonic function, and an untoown ra- 
dial function is sought. The solution for the radial 
function that satisfies the boundary condit ion is also a 
delta function given by (3). Thus bound e ectrons are 
described by a charge density (mass density) function 
that is the product of a radial delta function, two an- 
gular functions (spherical harmomc functions), and a 
time harmonic function: 



= \s(r-r tt )A(9J,t), 
r 



(8) 



In these cases the spherical harmomc functions corre- 
spond to a traveling charge density wave confined to 
toe spherical shell, which gives rise to *e phenome- 
non of orbital angular momentum. The orbital fimc- 
tions that modulate the constant "spin" function 
shown graphically in Fig. 3 are given m Section 5. 

4. SPIN FUNCTION 

The orbitsphere spin function comprises a constant 
charge (current) density function ^P a ™8.f^g 
confined to a two-dimensional spherical shell. Ihe 
current pattern of the orbitsphere spin function com- 
prises an infinite series of correlated orthogonal grea 
circle current loops where each point charge (current) 
density element moves time harmonically with con- 
stant angular velocity 



mal rotation of the infinite series is about the new i 
axis and new/ axis resulting from &e Preceding such 
rotation. Each element of the current density function 
is obtained with each conjugate set of rotations In 
Appendix HI of Ref. 3, the continuous ' uniform elec- 
tron current density function Y Q \9, ** ^ 
is then exactly generated from this orbitsphere-cvf as 
a basis element by a convolution operator comprising 
an autocorrelation-type function. 

For Step 1 , the current density elements move coun- 
terclockwise on the great circle in the plane and 
clockwise on the great circle in the *i plane .The 
great circles are rotated by an infimtesimal angle 
±Lat (a positive rotation around the * axis and a 
negative rotation about the f axis for Steps 1 and 2, 
respectively) and then by ±A<* (a positive rotation 
around the new / axis and a positive rotation about 
the new * axis for Steps 1 and 2, respectively). The 
coordinates of each point on each rotated great circle 
U V J) are expressed in terms of the first (x, y, z) 
coordinate by the following trarjforms, where 
clockwise rotations and motions are defined as posi- 
tive looking along the corresponding axis. Note the 
abbreviations of c for cosine and s for sine to save 
space. 



(9) 



™ e r n 



Step 1: 



The uniform current density function Yo {&, 0, the 
orbitsphere equation of motion of the d^^W- 
15), corresponding to the constant charge function of 
the orbitsphere that gives rise to the spin of the > elec- 
tron, is generated from a basis set current vector field 
defined as the orbitsphere current vector field (or- 
bitsphere-cvf). This in turn is generated over the sur- 
Sceby two complementary steps of an infinite series 
of nested rotations of two orthogonal great circle cur- 
rent loops, where the coordinate axes rotate with the 
two orthogonal great circles that serve as a basis set 
The algorithm to generate the current der^ity function 
rotates the great circles and the corresponding ,*y* 
coordinates relative to the xyz frame. Each infinitesi- 



c(Aa y ) 0 -s(Aa,) 

0 1 0 
s(Aag 0 c(Aa,) 

10 0 
0 c(Aa x ) s(A« x ) 
0 -s(Aa,) c(Aa x ) 
c(Aa,) s(Aa,)s(Aa x ) -s(Aa,)c(Aa JC ) 

0 c(Aa x ) s(Aa,) 
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(10) 



Step 2: 
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10 0 
0 c(Aa x ) s(Aa x ) 
0 -s(Aa x ) c(Aa x ) 
c(Aa,) 



c(Aa z ) s(Aa z ) 0 
-s(Aa 2 ) c(Aa z ) 0 
0 0 1 

s(Aa 2 ) 0 



-c(Aflr x )s(Aa z ) c(Aa x )c(Aa,) s(Aa x ) 
s(Aa x )s(Aa z ) -s(Aa,)c(Aa z ) c(Aa x ) 



The angular sum in (10) and (1 1) is 



(ID 



|4af ^ 1 72 
lim Z l A ".vl = -^-^ 



The orbitsphere-cvf is given by n reiterations of 
(10) and (11) for each point on each of the two or- 
thogonal great circles during each of Steps 1 and 2. 
The output given by the nonprimed coordinates is the 
input of the next iteration corresponding to each suc- 
cessive nested rotation by the infinitesimal angle 
±Aa? or ±Aaf, where the magnitude of the angular 
sum of the n rotations about the i axis and the / axis 
is (V2 ll)7i. Half of the orbitsphere-cvf is generated 
during each of Steps 1 and 2. 

Following Step 2, in order to match the boundary 
condition that the magnitude of the velocity at any 
given point on the surface is given by (6), the output 
half of the orbitsphere-cvf is rotated clockwise by an 
angle of x/4 about the z axis. Using (11) with = 
/r/4 and Aa** = 0 gives the rotation. Then the one half 
of the orbitsphere-cvf generated from Step 1 is super- 
imposed with the complementary half obtained from 
Step 2 following its rotation about the z axis of nIA to 
give the basis function to generate Yo°(0, the or- 
bitsphere equation of motion of the electron, by con- 
volution about the resultant angular momentum axis. 

The current pattern of the orbitsphere-cvf generated 
by the nested rotations of the orthogonal great circle 
current loops is a continuous and total coverage of the 
spherical surface, but it is shown as a visual represen- 
tation using 6° increments of the infinitesimal angular 
variable ±Aae or ±Aaj> of (10) and (1 1) from the per- 
spective of the z axis in Fig. 2. In each case, the com- 
plete orbitsphere current pattern corresponds to all the 
orthogonal great circle elements generated by the 
rotation of the basis set according to (10) and (11), 
where ±Aae and ±Aaf approach zero and the summa- 
tion of the infinitesimal angular rotations of ±Aae and 



±Aaj' about the successive /' axes and f axes is 
( y[l I2)ti iox each step. 

The resultant angular momentum projections of 
= hi A and L z = h/2 meet the boundary condition for 
the unique current with angular velocity magnitude at 
each point on the surface given by (6) and give rise to 
the Stern-Gerlach experiment, as shown in Ref. 3. 
The further constraint that the current density is uni- 
form such that the charge density is uniform, corre- 
sponding to an equipotential, minimum energy sur- 
face, is satisfied by using the orbitsphere-cvf as a ba- 
sis element to generate Y o °(0, fa) using a convolution 
operator comprising an autocorrelation-type function, 
as given in Appendix III of Ref. 3. The operator com- 
prises the convolution of each great circle current 
loop of the orbitsphere-cvf designated as the primary )f~ 
orbitsphere-cvf with a second orbitsphere-cvf desig- ° 
nated as the secondary orbitsphere-cvf having its an- 
gular momentum matched to that of each ceavetete^ 4 ' 
current loop^such that the resulting exact uniform 
current distribution obtained from the convolution has 
the same components of IUy = hi A and h z = h/2 as 
those of the orbitsphere-cvf used as a primary basis 
element. The current pattern gives rise to the phe- 
nomenon corresponding to the spin quantum number. 
The details of the derivation of the spin function are 
given in the Appendix of this paper and in Chapter 1 
of Ref 3. 

5. ANGULAR FUNCTIONS 

The time, radial, and angular solutions of the wave 
equation are separable. Also, based on the radial solu- 
tion, the angular charge and current density functions 
of the electron, A(0 y fa f), must be a solution of the 
wave equation in two dimensions (plus time): 



v 2 dt 2 



\A(0,fat) = O, 



(12) 



where p(r 9 0, fa t) =Rr)A(0, fa t) = (Vi*)S(r - r n ]A(0, 



l d ( . n d A l 

r 2 sin0d0{ 80 J r , r 2 sin 2 0 



f d 2 ^ 



(13) 



v 2 at 2 



A(0,fat) = O, 
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where v is the linear velocity of the electron. The 
charge density functions including the time function 
factor are 

p(r > ^,0 = T £ T^-O][ } :(^) + ^(^ )1(14) 



for £ = 0 and 



+Re{r;(^^)e ,A '}] 

for I * 0, where y/"(ft 0 are the spherical harmonic 
functions that spin about the z axis with angular fre- 
quency co n with KoV, 0 cons f*. Inchon. 
\elY m (0 ^e'""'} = P, (cos 0)cos (rn<p + 
where, to'keep the form of the spherical harmonic as a 
traveling wave about the z axis, a> n ' - ma„. 

6. ACCELERATION WITHOUT RADIATION 
6.1 Special Relativistic Correction to the Electron 
Radius 

The relationship between the electron wavelength 
and its radius is given by (4), where X is the de 
Broglie wavelength. For each current density element 
of the spin function, the distance along each great 
circle in the direction of instantaneous motion under- 
goes length contraction and time dilation Using a 
phase-matching condition, the wavelengths of the 
electron and laboratory inertial frames are equated, 
and the corrected radius is given by 



6 2 Nonradiation Based on Haus's Condition 
The Fourier transform of the electron charge density 
function given by (8) is a solution of the three- 
dimensional wave equation in frequency space (k, 
<oZ£ as given in Chapter 1, Space-Time Fourier 
iSL of the Electron Function section, of Ref . 3. 
Then the corresponding Fourier fransform ol the cur- 
rent density function K(s, 0, O, <b) is given by multi- 
plying by the constant angular frequency: 

sin(2v„) 
£(s,0,<D,*>) = 4*». 2sr 



( f 

H9 



+ — cos 
2n 




(16) 



(-l)"-' (fr sin 9) 
(u-l)!(u-l)! 



it n 
2(1>-1) 



ra/2)r(t;-fi/2) io\ t - 2 „ 

(^cos©) 2 "^^-!)! 

(-lr'CffsfoP)** 0 rq/2)r(u+i/2) 

(u-l)!(y-l)! (ncosQ) 



(17) 



2y+l 2^+1 



2v\ 



-2u 



An 



-(o n )+S((a+a>„)}. 



s • v. = s. - c = (o n implies r„ = K, which is given by 
H6) in the case that k is the light-like k . In this case 
(17) vanishes. Consequently, space-time harmonics ot 

Jc = k or (Wc)M = * fo < which * e ^ 
transform of the current density function is nonzero 
do not exist. Radiation due to charge motion does not 
occur in any medium when this boundary condition is 
met. (Nonradiation is also determined froni the tielos 
based on Maxwell's equations as given in Section oJ 
below and the same section of Chapter 1, Appendix 1, 
of Ref. 3.) 

6 3 Nonradiation Based on the Electron Electro- 
magnetic Fields and the Poynting Power Vec- 
tor 

A point charge undergoing periodic motion acceler- 
ates and as a consequence radiates according to the 
Larmor formula 



P = 



2e 2 2 
a , 



4xe 0 3c 3 



(18) 



where the electron velocity is given by (6) (see Ref. 3, 
Chap. 1, Special Relativistic Correction to the ioniza- 
tion Energies section). elm e of the electron, the elec- 
tron angular momentum of ft, and //* are invariant, but g . g ±Q charge> fl is its acceleration, , s 0 is the 
the mass and charge densities increase m the labora- ^^ty of free space, and c is the speed of light, 
torv frame due to the relativistically contracted dec- ^ acce lerated point particle radiates, an 
iron radius. As v -> c, rlr> Wx and r = K as distribution modeled as a superposition of 
shown in Fig. 4. 
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accelerating charges does not have to radiate. 0 2,1 ^ 19) 
An ensemble of charges, all oscillating at the same 
frequency, create a radiation pattern with a number of 
nodes. The same applies to current patterns in phased 
array antenna design. (20) It is possible to have an infi- 
nite number of charges oscillating in such as way as 
to cause destructive interference or nodes in all direc- 
tions. The electromagnetic far field is determined 
from the current distribution in order to obtain the 
condition, if it exists, that the electron current distri- 
bution given by (21) must satisfy so that the electron 
does not radiate. 

The charge density functions of the electron or- 
bitsphere in spherical coordinates plus time are given 
by (14) and (15). For I = 0, the equipotential, uni- 
form, or constant charge density function (14) further 
comprises a current pattern given in Section 4. It also 
corresponds to the nonradiative n = 1,^ = 0 state of 
atomic hydrogen and to the spin function of the elec- 
tron. The current density function is given by multi- 
plying (14) by the constant angular velocity <d. There 
is acceleration without radiation. In this case, it is 
centripetal acceleration. A static charge distribution 
exists even though each point on the surface is accel- 
erating along a great circle. Haus's condition predicts 
no radiation for the entire ensemble. The same result 
is trivially predicted from consideration of the fields 
and the radiated power. Since the current is not time 
dependent, the fields are given by 



and 



VxH = J 



VxE = 0, 



(19) 



(20) 



which are the electrostatic and magnetostatic cases, 
respectively, with no radiation. 

The nonradiation condition given by (17) may be 
confirmed by determining the fields and the current 
distribution condition that is nonradiative based on 
Maxwell's equations. For I * 0, the charge density 
functions including the time function factor are given 
by (15). In the cases that m * 0, (15) is a traveling 
charge density wave that moves on the surface of the 
orbitsphere about the z axis and modulates the or- 
bitsphere corresponding to I = 0. Since the charge is 
moving time harmonically about the z axis with fre- 
quency o n and the current density function is given 
by the time derivative of the charge density function, 
the current density function is given by the normal- 
ized product of the constant angular velocity and the 



charge density function. The first current term of (15) 
is static. Thus it is trivially nonradiative. 
The current due to the time-dependent term is 

J = A N[S(r - r n )] Re {Y e m (0, ^)} [u(0 x 
= A^(r-rJ]Re{7 / w (^,^}[Bxr] 
= A N'[S(r - r n )] Re(P e m (cos 0)e On ^e io ^ t )[u x r] (21) 
= A N'[S(r - rj](/f (cos 0) cos(m^ + a/ n t))[n x r] 
= A N'[S(r - r n )](P ( m (cos 0) cos(m<* + G>' n t)) sin 6ft 

where we have used the abbreviation 



A = 



to save space, and, to keep the form of the spherical 
harmonic as a traveling wave about the z axis, co n 9 - 
mco n and N and N are normalization constants. The 
vectors are defined as 



wxr 



uxr 



|wxr| sin# 
u - z = orbital axis, 

0 = $xr, 



(22) 



(23) 



where denotes unit vectors (e.g., w = uf\m\), nonunit 
vectors are designated in bold, and the current func- 
tion is normalized. For time-varying electromagnetic 
fields, Jackson* 2 1J gives a generalized expansion in 
vector spherical waves, which are convenient for 
electromagnetic boundary value problems possessing 
spherical symmetry properties and for analyzing mul- 
tipole radiation from a localized source distribution. 
The Green function G(x', x) that is appropriate to the 
equation 



(V 2 +* 2 )G(x',x) = -J(x'-x) 



(24) 



in the infinite domain is 



G(x',x) = - 



-*|x-x'| 



x-x'| 



(25) 



1=0 



m=-l 
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W here the spherical wave expansion for toe outgoing 
wave is given. General coordinates are shown m Fig. 

r£to£ 5i> * v « me generai muitipo i e 

solSTo Maxwell'! equations in a source-free > re- 
don o? empty space with the assumption of a tune 

°^ , «»»' . 
dependence e . 



a M (£,m) 



U, (*r)r;'L-(i+VxMW 



(31) 



--a w (*,»0Vxg,< 



(*r)X<,J> 

J (26) 

E = j{ia £ (£,m)Vx /«(* r > X '.- 

+a w (^w)g,(fe-)X />M j, 

where the cgs units used by * 
this section. The radial functions/,^) and g^) «« 
of the form 

is the vector spherical harmonic defined by 

v y^^J^hY^M), (28) 



respectively, where the 

current J(x, 0, and intrinsic magnetization M(x 0 are 
harmonically varying sources: p(x)e , J We , 
and M(x)<fV From (21) the charge and intansic 
terms are 

is in the d> direction; thus the m) c ? e ™ ciem , 
l£i by (30) is zero since r • J = 0. Substitution of 
C^) into (31) gives the magnetic muitipoie coefficient 
ad.1, m): 



°>* _?-N5(r-r a )Y t m (0,</>)sme</> 



2k 4xr„ 



\ (32) 
d'x. 



where 



L = -(rxV). 
i 



(29) 



The coefficients atf, m) and a^l,m) of (26) *ec 
ify the amounts of electric {£, m) muitipoie and mag- 
netic (I m) muitipoie fields and are determined by 
£M bound'ary conditions, as j« ^ i relative 
proportions in (27). Jackson gives me resu of toe 
electric and magnetic coefficients from the sources as 



Each mass density element of the electton moves 
about the * axis along a circular orbit of radius r sin 0 
fn such a way that <f> changes at a constant rate. That 
Is, PrTtime t! where co n is the constant angular 
frequency given in (21) and 

r(f) = \r K sin 6 cos at + jr„ sin 6 sin erf (33) 

is the parametric equation of the circular orbit. Jack- 
son givS toe operator in the xy plane corresponding 
Tthf current motion in this plane and the relations 

fory t m (4 0 :(21) 

k-M-'&^'li) (34> 

LXM-Jv-m+^FM' (35) 

Using(34),LJof(31)is 



(30) 



+ *(r.J)j t (kr)-iW(rxM)j t <M\d>x 

c 



and 
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( d ■ <n d ^ 
— + zcot# — 

80 86 



Y t m (0,0)sm0 



( d d\ 
— + /cot0 — sin0 



(36) 



{80 86 ) 



+e*sin0 



d -+icoX0-^ 
{80 86) 



Y?(0,6). 



Using (35) in (36) gives 

L + (Y e m (0, 6) sin 0) = e»Y? (0, 6) cos 0 

+sin 0j(£ - m)(i + m + l)Y t m+l (0, 6). 

The spherical harmonic is given as 



(37) 



Yr(O^) = ,P^^^:Pr(oos0)e^ 
Y An: (£+m)\ 



(38) 



= N, m P { a (cos0)e 



Thus (37) is given as 

I + (Y ( a (0, 6) sin 0) = e^N ta P t m (cos 0)e im * cos 0 
+sin 0yj(£ - m){£ + m + I) N^P?* 1 (cos 0)e i(m+}) *. 

Substitution of (39) into (32) gives 



(39) 



-k ci. e 



N 



(40) 



cj£(£+l) 2^r„ 2 

x^A^if (cos 0)e* cos 0 
+ sin 0yj{£ - m)(£ +m+V) 

xN tm+l P? +l (cos0)e l{m+1) ']d'x. 



Substitution of Y^{0, 6) = (-l) m (0, 6) and (38) into 
(40) and integration with respect to dr gives 



c J £(£ + !) In 
2 )){-\) m N t . m Pr(cos0)e-^ 

0 0 

x[e i *N t>m P;{cosff)e im *co%0 (41) 
+ sin 0j(£-m)(£+m + \) 
x N lia+1 Pp +, (cos 0)e i(a+1) ']sm 0d0d6. 

The integral in (41) separated in terms of </#and J^is 

-ek 2 co„ 



a M (£,m) = - 



Cyj£(£ + \) In 
)(-irN lt . m Pr(cos0)[N t>m P t m (cos0)cos0 



(42) 



+ sin 0yl(i - m)(£ + m + 1) A^P,"" 1 (cos 0)] 

lie 

sin QdO \e*d$. 



Consider that the d6 integral is finite and designated 
by 0. Then (42) is given as 



a M (£,m) = f ^NMhrjefedt. (43) 
c J £(£ + !) In I 



From (26), the far fields are given by 



B = --a„(^)Vxg,(Ar)X, i(B) 
E = a M (£,m)g t (kr)X tim , 

where a^£, m) is given by (43). 

The power density P{t) given by the Poynting 
power vector is 



P(0 = ExH. 



(45) 



For a pure multipole of order (£ 9 m) y the time- 
averaged power radiated per solid angle dP(£, m)/dQ 
given by Jackson (21) is 



dP{t,m) c 



dQ Sxk' 



\a M ^m)\ 2 \X t J y (46) 



n 
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where a^t, m) is given by (43). 

Qinrp the modulation function M"' W 1S * uav . 
• ? rwe density wave that moves time harmom- 
Sv oX sS of the orbitsphere about the z axis 
cally on tne suri*^ .mherical harmonic func- 

with frequency co„, + of the ^ fte . nca ^ d L ti de . 

in (43), and it can be written as 



2 «. (47) 

_ ~ gfc - -^l Nj t (kr„)Q J cos(mfo(0)^» 

cyjeit+i) 271 " 0 

where *'(0 is the angular displacement of mtate 
Modulation function during one penod I„ and v is the 
linear velocity in the * direction. Thus 



cles. For £ = 0, the orbitsphere giv* rise to a mag- 
netic moment of one Bohr magneton: 

(51) 



eh 



u = =9.274xl0" 24 J-r' 

(The details of the derivation of the magnetic parame- 
S ^including the electron g factor are given in *e 
Appendix oHhis paper.) The magnetic field of the 
electron shown in Fig. 6 is given by 



H = 



jL(i r cos0-i, sin0) for r < r„, 

_ eh (j r 2 cos 0 + i g sin 0) for r>r„. 
2m/ 



(52) 



-ek 2 



(48) 



The energy stored in the magnetic field of the electron 

is 

E^u'))y^ MMd °' (s3) 



— Nj t (kr n )esm(mks). 



0 0 0 



.2*2 



In the case that * is the light-like *°, &en * = *Jc 
and the sin (mfe) term in (48) vamshes for 



^magjotal 



m e r \ 



(54) 



Thus 



R = cT n , 

rt; 1 =c, 

Rf = c. 



(49) 



(50) 



^^^^^ 

zero. TTiere is no radiation. 

7. MAGNETIC FIELD EQUATIONS OF THE 
ELECTRON 

The orbitsphere is a shell of negative J*"*"™* 
comprising correlated charge motton aloog great cir 



8 STERN-GERLACH EXPERIMENT 
The Stem-Gerlach experiment implies a magnetic 
one Bohr Lgneto, j-d - ; assocrafcd 

1ar momentum on the z axis is w^, wmi ox ^ 
exponent of M. Excitation of a 

t^*?J+«'- % * ^veaperpendicu- 

lar projection of 




(55) 



and a projection onto the axis of the applied magnetic 
field of 
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S D = ±-. 
0 2 



(56) 



The superposition of the h/2, z axis component of the 
orbitsphere angular momentum and the till, z axis 
component of S gives ti corresponding to the ob- 
served electron magnetic moment of a Bohr magne- 
ton, 

9. ELECTRON g FACTOR " 

Conservation of angular momentum of the or- 
bitsphere permits a discrete change of its "kinetic 
angular momentum" (r x mv) by the applied magnetic 
field of till, and concomitantly the "potential angular 
momentum" (r * eA) must change by -till: 



AL = — rxeA 
2 



e<j> 
Ix 



(57) 



In order that the change of angular momentum AL 
equal zero, <f> must be <J> 0 = hlle, the magnetic flux 
quantum. The magnetic moment of the electron is 
parallel or antiparallel to the applied field only. Dur- 
ing the spin-flip transition, power must be conserved. 
Power flow is governed by the Poynting power theo- 
rem: 



V-(ExH) = 



--{- 



dt\2 0 



}■ 



(58) 



E. 



Equation (59) gives the total energy of the flip transi- 
tion, which is the sum of the energy of reorientation 
of the magnetic moment (first term), the magnetic 
energy (second term), the electric energy (third term), 
and the dissipated energy of a fluxon treading the 
orbitsphere (fourth term), respectively: 



AE 5 m p "=2 

mag 



l7t 3 \l7t) 3{l7Tj j 



(59) 



where the stored magnetic energy corresponding to 
the dldt[(lfl)poR • H] term increases, the stored elec- 
tric energy corresponding to the dldt[(lll)soE • E] 



term increases, and the J • E term is dissipative. The 
spin-flip transition can be considered as involving a 
magnetic moment of g times that of a Bohr magneton. 
The g factor is redesignated the fluxon g factor as 
opposed to the anomalous g factor. Using a 1 = 
137.036 03(82), the calculated value of gll is 
1.001 159 652 137. The experimental value (23) of gll 
is L001 159 652 188(4). The derivation is given in 
the Appendix of this paper. 

10. SPIN ANB ORBITAL PARAMETERS 

The total function that describes the spinning mo- 
tion of each electron orbitsphere is composed of two 
functions. One function, the spin function, is spatially 
uniform over the orbitsphere, spins with a quantized 
angular velocity, and gives rise to spin angular mo- 
mentum. The other function, the modulation function, 
can be spatially uniform — in which case there is no 
orbital angular momentum and the magnetic moment 
of the electron orbitsphere is one Bohr magneton — 
or not spatially uniform — in which case there is or- 
bital angular momentum. The modulation function 
also rotates with a quantized angular velocity. 

The spin function of the electron corresponds to the 
nonradiative n = 1, I - 0 state of atomic hydrogen, 
which is well known as an s state or orbital. (See Fig. 
1 for the charge function and Fig. 2 for the current 
function.) In cases of orbitals of heavier elements and 
excited states of one-electron atoms and atoms or ions 
of heavier elements with the I quantum number not 
equal to zero that are not constant as given by (14), 
the constant spin function is modulated by a time and 
spherical harmonic function, as given by (15) and 
shown in Fig. 3. The modulation or traveling charge 
density wave corresponds to an orbital angular mo- 
mentum in addition to a spin angular momentum. 
These states are typically referred to as p, d, f, etc., 
orbitals. Application of Haus's 02 * condition also pre- 
dicts nonradiation for a constant spin function modu- 
lated by a time and spherically harmonic orbital func- 
tion. There is acceleration without radiation, as also 
shown in Section 6.3. (Also see Abbott and Griffiths, 
Goedecke, and Daboul and Jensen. (I7,l8,l6) ) However, 
in the case that such a state arises as an excited state 
by photon absorption, it is radiative due to a radial 
dipole term in its current density function since it 
possesses space-time Fourier transform components 
synchronous with waves traveling at the speed of 
light (12) (see Section 18). 

10.1 Moment of Inertia and Spina and Rotational 
Energies 



13 



The moments of inertia and the rotational energies 

of the t quantum ^cM so^ 

tions of the time-dependent electron charge density 
tions 01 in J * on 5 ^ solved 

functions ((14), &ven m 

fSSZa Parsers of the Electron (Angular Mo- 
SmSL Energy, Moment of Inertra sec- 
tion), of Ref. 3. For 1 = 0, 



1 z ~~ spin 2 



L z = rm,=±-, 



^rotational ~~ ^ rotational, spin 




* orbital 



= ^ r "U 2 +2£+lJ ' 



L t =mh, 



E rotational, orbital 



2i[e 2 +2t+\\' 



T = 



2m/ 2 



rotational, orbital ) ^ * 



(60) 



(61) 



From (68), the time average rotational energy 'is zoo, 
Sus the principal levels are degenerate except when a 
magnetic field is applied. 

11 FORCE BALANCE EQUATION 

The radius of the nonradiative (n = 1) state is solved 
usteg ^electromagnetic force equations of Maxwell 
S the charge and mass density functions, where 
S^gul* momentum of the electron is given by 
Sanck^ constant bar. The reduced mass arises natii- 
35 ton ^electrodynamic interaction between the 
electron and the proton: 



3_^_ = _^ ^— r— , 

Anr? r, ^r 2 Aiterf 4*r, mr n 



Ze 



1 h 2 



r. = 



Z' 



(69) 



(70) 



(62) 



where a H is the radius of the hydrogen atom. 

12. ENERGY CALCULATIONS 

From Maxwell's equations, the potential energy V, 
kinetic energy T, and electric energy or binding en- 
ergy Ede are 



-Ze 2 -Z 2 e 2 

= nn 

47or 0 /i 47ts Q a H v 

_Z 2 x4.3675xl0- u J = -Z 2 x 27.2 eV, 



(63) 

(64) 
(65) 

(66) 



r = _?!fL = Z 2 x 13.59 eV, 
8;ar 0 a ff 

1 \ 28 
t - f - — -e IE 2 rfv, where E = — i" > 

Z CO 



(73) 



Z 2 e 



(74) 

Sxe 0 a„ 

= _Z 2 x2.1786xl0-' 8 J = r-Z 2 xl3.598 eV. 



The calculated Rydberg constant is 10 967758 m"|; 
(67) fee experimental Rydberg constant is 
mQA7 7 1 5Rm l . 



10 967 758 m \ 
(68) 13. EXCITED STATES 
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CQM gives closed-form solutions for the resonant 
photons and excited state electron functions. The an- 
gular momentum of the photon given by 



— Re[rx(ExB*)] 
8;r 



(75) 



is conserved. (21) The change in angular velocity of the 
electron is equal to the angular frequency of the reso- 
nant photon. The energy is given by Planck's equa- 
tion. The predicted energies, Lamb shift, fine struc- 
ture, hyperfine structure, resonant line shape, line 
width, selection rules, etc., are in agreement with ob- 
servation. 

The orbitsphere is a dynamic spherical resonator 
cavity that traps photons of discrete frequencies. The 
relationship between an allowed radius and the "pho- 
ton standing wave" wavelength is 



2nr — nA 9 



(76) 



where n is an integer. The relationship between an 
allowed radius and the electron wavelength is 



27t(nr x ) = 2izr n = n\ =Z n , 



(77) 



where n = 1, 2, 3, 4, .... The radius of an orbitsphere 
increases with the absorption of electromagnetic en- 
ergy. The radii of excited states are solved using the 
electromagnetic force equations of Maxwell relating 
the field from the charge of the proton, the electric 
field of the photon, and the charge and mass density 
functions of the electron, where the angular momen- 
tum of the electron is given by Planck's constant bar 
(69). The solutions to Maxwell's equations for modes 
that can be excited in the orbitsphere resonator cavity 
give rise to four quantum numbers, and the energies 
of the modes are the experimentally known hydrogen 
spectrum. The relationship between the electric field 
equation and the 'trapped photon" source charge den- 
sity function is given by Maxwell's equation in two 
dimensions: 



n-(E l -E 2 ) = — . 



(78) 



The photon standing electromagnetic wave is phase 
matched with the electron: 



E. 



_ e(na H Y 1 



4xe 0 r { 



n 



*(r-r m )i r , 



a) „ = 0 for m = 0, 

£ = l,2,...,n-l, 

m = -/,-/+ 1,...,0,...,+/, 



(79) 



E r = 

W A7Z£, 



+V 0 °(^ ( *)+Re{y, m (^^)e fa '" , }]j < J(r-rJi r , (80) 

co = 0 for m = 0. 

n 

For r = naff and m = 0, the total radial electric field is 
1 e 



E. = 



n 4ne 0 {na H ) 



2 r- 



(81) 



The energy of the photon that excites a mode in the 
electron spherical resonator cavity from radius an to 
radius nan is 



"* photon 



— ^— f 1 -\) = hv = ho>. (82) 



The change in angular velocity of the orbitsphere for 
an excitation from n = 1 to n = n is 



Aa> = - 



%{na H f m e (a H ) 2 { n 2 ) 



m e (a H Y m t 
The kinetic energy change of the transition is 



1 " \2 e ~ 



-m e (Avy = 



%7te Q a H 



Ho). 



(84) 



The change in angular velocity of the electron or- 
bitsphere is identical to the angular velocity of the 
photon necessary for the excitation, (Dphoton* The cor- 
respondence principle holds. It can be demonstrated 
that the resonance condition between these frequen- 
cies is to be satisfied in order to have a net change of 
the energy field. (24) 
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14 ORBITAL AND SPIN SPLITTING 

The ratio of the square of the ^"^) 
M\ to the square of the energy, if, for a pure [t, m ) 

multipole is ( 

ML = HL (85) 

U 2 <» 2 ' 



Am = 0,±l, 
Am,=0. 



(91) 



The magnetic moment is defined as 



nu» r? e.y. angular momentum 
2 x mass 



(86) 



electron orbitsphere is 

(87) 



15 . RESONANT LINE SHAPE AND LAMB 
SHIFT 

L to Lamb ^^^CrS 

SSto* 2 'tS-ita probabiKty in the case of 
the electric multipole moment is 



1 power 
r energy 



Therefore 



L z =mh. 



emh win 
u=- — = rnfi B , 
^ 2m, 



_[[(2£ 



2* 



(92) 



(88) 



where ^ B is the Bohr magneton. The orbital splitting 

energy is 

The spin and orbital splitting energies 
thus the principal excited state energy 

spin I orb . 

hydrogen atom are split by the energy • 
FSP w^ = m *L B + m s g~B, where 



s. l(2£+l)Hf 



|E(fl»)|* {« 



i 



(93) 



The relationship between the rise time and the band- 
width for exponential decay is 

(94) 



7t 



-'mag 

n = 2,3,4,..., 
£ = l,2,...,/i-l, 

1 



(90) 



The energy radiated per unit frequency interval is 



dl(a>) _ j r i — 

" ° in («- <»b - ag, ) z + (r/2) 



(95) 



For the electric dipole transition the selection rules 
are 



16 LAMB SHIFT 

The Umb shift of the 2 P 1/2 state of the hydrogen 
at<£ is^e to conservation of linear momentum of 
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the electron, atom, and photon. The electron compo- 
nent is 



A/ = — = ^ = y^-Y = 1 052.48 MHz, (96) 



In h 2hn e c* 



where 



=13.5983 eV 



' l ~i?}ktA- h *' (97) 



AA/"«<10eV. 



(98) 



Therefore 



-135983 .V (l--L II 



(99) 



The atom component is 



In h 2hm H c 2 



13.5983 eV 




2hm H c 2 

= 5.3839 MHz. 
The sum of the components is 



(100) 



momentum and the inertial angular momentum are 
matched such that the correspondence principle holds. 
It follows from the principle of conservation of angu- 
lar momentum that elm e of (51) is invariant, given in 
Section 6.1 and shown previously/ 3 * In the case of 
spin-orbital coupling, the invariants h of spin angular 
momentum and orbital angular momentum each give 
rise to a corresponding invariant magnetic moment of 
a Bohr magneton, and their corresponding energies 
superimpose, as given in Section 14. The interaction 
of the two magnetic moments gives rise to a relativis- 
tic spin-orbital coupling energy. The vector orienta- 
tions of the momenta must be considered as well as 
the condition that flux must be linked by the electron 
in units of the magnetic flux quantum in order to con- 
serve the invariant electron angular momentum of h . 
The energy may be calculated with the additional 
conditions of the invariance of the electron's charge 
and mass-to-charge ratio e/m e . 

As shown in Section 9 ((57) to (59)), flux must be 
linked by the electron orbitsphere in units of the mag- 
netic flux quantum. The maximum projection of the 
rotating spin angular momen tum of the electron onto 
an axis given by (55) is >/3/4/L Then, using the 
magnetic energy term of (59), the spin-orbital cou- 
pling energy E s/o is given by 




(103) 



A/ = 1052.48 MHz+ 5.3839 MHz 
= 1057.87 MHz. 



The experimental Lamb shift is 

Af = 1057.862 MHz. 



(102) 



17. SPIN-ORBITAL COUPLING 

The electron's motion in the hydrogen atom is al- 
ways perpendicular to its radius; consequently, as 
shown by (7), the electron's angular momentum of h 
is invariant. The angular momentum of the photon 
given in Section 19 is |m| = |(l/8^Re[r * (E x B*)]| = 
h. It is conserved for the solutions for the resonant 
photons and excited state electron functions given in 
Sections 13 and 19. Thus the electrodynamic angular 



In the case that n = 2, the radius given by (77) is r = 
2<zo- The predicted energy difference between the 2 P^a 
and 2 P\a levels of the hydrogen atom, E s / 0 > given by 
(103), is 



(104) 



As in the case of the 2 ¥m 2 Si/2 transition, the pho- 
ton-momentum transfer for the 2 P 3 /2 -> 2 Pi/2 transition 
gives rise to a frequency shift derived after that of the 
Lamb shift with Am ( = -1 included. The energy E FS 
for the 2 P 3/2 -> 2 Pi/2 transition, called the fine- 
structure splitting, is given by 
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sented by a doublet function and a radial electric mo- 
nopole represented by a delta function: 



(105) 



2hM~c 2 2hm » cl 
= 4.5190xl(r 5 eV + 1.754 07xlO" 7 eV 

= 4.536 59xl0" 5 eV, 

where the first term corresponds to E slo 9™ ** 
M 04? expressed in terms of the mass energy of the 
i ^Son Sg (176) and (177), and the second and 
SSms co 8 rrespond to the electron recod an atom 
recoil, respectively^ energy f0 f 4 .536 59^0 eV 

Ss W the experimental accuracy; yet, given this 
StiZ the agreement between the theoretical and 
experimental fine structure is excellent. 

18 INSTABILITY OF EXCITED STATES 

For the excited energy states of the hydrogen atom 
J?, the two-dimensional surface charge due to the 

?S'ed Photons" at the electron orbitsphere, given 
hy (78) and (79), is 



& photon ° electron 



4>KO 



J 1+ i [Re{yr(^,^)e to "'}]^-0 



, „ „ _ 9 -i 4 Due to the radial doublet, ex- 
ctd states are'raSve^ince space-time 
of a>lc = kox {G> n lc)JFiT 0 = * do exist for which 
t space-time Fourier\ansform of the current den- 

sity function is nonzero. 

19. PHOTON EQUATIONS 

The time-averaged angular momentum density m ot 
an emitted photon is 



m 



'photon 



(106) 



wTi^rf n = 2 3, 4, whereas <r e iectron, the two- 
^e'charke of A. electron ottatsptae 

givenby(15),is 



— e 



- ^(rj 2 ™ ( 107 > 

The superposition of (106 ) , 

equivalent to the sum of a radial electric dipole repre 



= f_l_Re[rx(ExB*)]<fx 4 =ft. (109) 

By reiterations of (110) and (111), a photon , or- 
bhsohere is generated from two orthogonal great cir- 
3SS?S£ as shown in Fig. 8, rather i£ two 
Seat circle current loops, as m the case of the elec- 
ts s£ £ Junction. The output given by the nonpnmed 
cSateTis the input of the next Ration corre- 
sponding to each successive nested rotation by the 
SLl angle Ao, where the mam** £ £ 
rotation about the * axis and the / axis in each case 
fSf/4)* The right-handed circularly polarized 
photon orbitsphere shown in Fig. 9 corresponds to the 
22 "here ttTe A*s fir Oo * and / — - of 
the same sign, and the mirror image left-handed circu 
wJThSSd photon orbitsphere corresponds to die 
cS where they are of opposite signs. A hnearly po- 
larized photon orbitsphere is the superposition of the 
n^t and left-handed circularly polarized photon 
orbitspheres. 

19.1 Nested Set of Great Circle Field Lines Gener- 
ates the Photon Function 

Note the abbreviations c for cosine and s for sine. 

H Field: 
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c(Aa) -s 2 (Aa) 
0 c(Aa) 
s(Aa) -c(Aa)s(Aa) 



-s(Aa)c(Aa) 
s(Aa) 
c 2 (Aa) 



(110) 



E Field: 



yi 



L*i J 



c(Aa) -s 2 (Aa) 

0 c(Aa) 
s(Aa) -c(Aa)s(Aa) 



-s(Aa)c(Aa) 
s(Aa) 
c 2 (Aa) 



(111) 



The angular sum in (1 10) and (1 1 1) is 



_4 

lim Y|A« <V | 



= 71. 



Aa->0 



The field lines in the lab frame follow from the rela- 
tivistic invariance of charge, as given by Purcell. (27) 
The relationship between the relativistic velocity and 
the electric field of a moving charge is shown sche- 
matically in Fig. 10. From (110) and (111) corre- 
sponding to the rotations over Aa> the photon equa- 
tion in the lab frame of a right-handed circularly po- 
larized photon orbitsphere is 



E = E 0 [x + /y]e" yM e 



H= — |[y-/x]e-^V 




(112) 



(113) 



= E 0 J-[y-a]e*^, 



with a wavelength of 



co 



(114) 



The relationship between the photon orbitsphere ra- 
dius and wavelength is 



2/rr 0 



(115) 



The electric field lines of a right-handed circularly 
polarized photon orbitsphere as seen along the axis of 
propagation in the lab inertial reference frame as it 
passes a fixed point is shown in Fig. 11. 

19.2 Spherical Wave 

Photons superimpose, and the amplitude due to N 
photons is 



''total 



(116) 



In the far field the emitted wave is a spherical wave: 



-Oct 



E total ~~ ' 



(117) 



The Green function is given as the solution of the 
wave equation. Thus the superposition of photons 
gives the classical result. As r goes to infinity, the 
spherical wave becomes a plane wave. The double- 
slit interference pattern is predicted. From the equa- 
tion of a photon the wave-particle duality arises natu- 
rally. The energy is always given by Planck's equa- 
tion; yet an interference pattern is observed when 
photons add over time or space. The results also pre- 
dict those of the Aspect experiment involving Bell's 
inequalities/ 3 * 

20. EQUATIONS OF THE FREE ELECTRON 
20.1 Charge Density FmnctioB 

The radius of an electron orbitsphere increases with 
the absorption of electromagnetic energy. (28) With the 
absorption of a photon of energy exactly equal to the 
ionization energy, the electron becomes ionized and is 
a plane wave (spherical wave in the limit) with the de 
Broglie wavelength. The ionized electron traveling at 
constant velocity is nonradiative and is a two- 
dimensional surface with a total charge of e and a 
total mass of m e . The solution of the boundary value 
problem of the free electron is given by the projection 
of the orbitsphere into a plane that linearly propagates 
along an axis perpendicular to the plane, where the 
velocity of the plane and the orbitsphere is given by 
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v = - 



™ e Po 



and the radius of the orbitsphere in spherical coordi- 
nates is equal to the radius of the free electron in cy- 
nical coordinates <* - f The mass density func- 
tion of a free electron, as shown in Fig. 12, is a two 
dtoen,ional disk with mass density distribution m the 
xy(p) plane 

pjpAt-f-itA^™ (119) 

and charge density ^ s ^ bution / e ^rl^de^ 

at the Japanese National Laboratory for High Energy 
Phvsics CKEK) demonstrated that the charge of the 
SSScS increases toward the particle's core and 
is symmetrical as a function of* In "^"^ 
wav^article duality arises naturally, ^ ^ «srft» 
consistent with scattering experiments from helium 
and the double-slit experiment. 
20 2 Current Density Function 

Consider an electron initially bound as a» i or- 
bitsphere of radius r = r. - r 0 ionized from a hydro- 

gen^om with the magnitude of the angular velocity 

of the orbitsphere given by 



(118) Substitution of m e for e in (121) followed by substitu- 
tion into (122) gives the angular momentum density 
function L: 



(O- 



(120) 



mjr 



J(p,<M»0 = 



2 3 



#7 



s n . 



Li,= 2 



2 W e p 0 



(123) 



The total angular momentum of the free electron is 
given by integration over the two-dimensional disk 
with angular momentum density given by (123). 



The current density function of the free electron 
orooaeating with velocity v z along the z axis in the 
KKie of the proton is given by the vector pro- 
Son of the current into the xy plane as the radius 
jection oi mc current density 

increases from r - ro xo r w - 
function of the free electron is 



The angular momentum L is given by 
U z =m e r 2 G>. 



A A ttv» 



o o - n p Q 



(124) 



The four-dimensional space-time current density 
function of the free electron that propagates along the 
Hxis with velocity given by (1 18) ' * r 

= ro = /*> is given by substitution of (118) into (121). 



J(p,&z»0 = 



2 3 



3- 5 n 

2 m e Po 



(125) 



The space-time Fourier transform of (125) is 
e n 



4 «rJ m , 

3 m 



-smc(2xsp 0 ) 



(126) 



(121) 



(122) 



The boundary condition is tharfoe space-time har- 
nxricTof «/c = * or (a> n /c)J777 0 .- * do not exist. 
Sation du^ to charge motion does not occur m any 
medium when this boundary condition is met. Thus 
no Fourier components that are syncteonous_with 
light velocity with the propagation constant |k*| - «fc 
exist, and radiation due to charge motion of the free 
Son does not occur when this boundary condition 
TZ It follows from (118) and the relationship 
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2npo = A 0 that the wavelength of the free electron is 
the de Broglie wavelength: 



^"2 = 1 = ^0 



Z-l Z(Z-l) 



> * = |. (130) 



4,= = 2^/7 0 . 



(127) 



The Stern-Gerlach experiment implies a magnetic 
moment of one Bohr magneton and an associated 
angular momentum quantum number of 1/2 (s = 1/2, 
/n 5 = ±1/2). The superposition of the vector projection 
of the angular momentum of the free electron onto the 
z axis is h corresponding to the observed electron 
magnetic moment of a Bohr magneton, Excitation 
of the Larmor precession by a photon carrying h of 
angular momentum causes the angular momentum of 
the free electron to rotate about both an axis in the 
transverse plane and the z axis such that each of the 
photon and electron angular momentum projections 
onto the z axis is till. In order to conserve angular 
momentum, which is distributed equivalently to Yo°(0 y 
<fi) during the spin-flip transition, a magnetic flux 
quantum 4>o = h/2e must be linked by the electron, 
and the electron magnetic moment can only be paral- 
lel or antiparallel to an applied field, as observed with 
the Stern-Gerlach experiment. The energy AE s J^ n g of 
the spin- flip transition corresponding to the m s ~ 1/2 
quantum number is given by (59): 



21.1 Ionization Energies Calculated Using the 
Poynting Power Theorem 

For helium, which has no electric field beyond r\ 9 



Ionization Energy(He) 

= -£(electric) + J? (magnetic), 



(131) 



where 



^(electric) = - 



(Z-l)e 2 



^(magnetic) = ^PoP h 



(132) 



(133) 



For 3 < Z, 

Ionization energy 

1 (134) 
= -Electric energy Magnetic energy. 



(128) 



(See Chap. 3 of Ref. 3 for details of the derivations.) 

21. TWO-ELECTRON ATOMS 

Two-electron atoms may be solved from a central 
force balance equation with the nonradiation condi- 
tion. The force balance equation using (6) is 



m e V 2 m e h 



4^r 2 2 r 2 Anr* m e rl 

e (Z-l)e 



(129) 



4nr 2 Zm e r 2 



which gives the radius of both electrons as 



The energies of several two-electron atoms are given 
in Table I. The exact solutions for one- through 
twenty-electron atoms are given in Ref. 3. 

22. ELASTIC ELECTRON SCATTERING 
FROM HELIUM ATOMS 
The aperture distribution function a{p, z) for the 
elastic scattering of an incident electron plane wave, 
represented by 7i(z), by a helium atom, represented by 



4;r(0.567a 0 ) 



2 [6(r-0.567a 0 )], 



(135) 



is given by the convolution of the plane wave 7i(z) 
with the helium atom function: 



4/r(0.567a o )' 



-[S(r -0.567 a 0 )). 



(136) 



The aperture function is 
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x^(r->/(0.567fl 0 ) 2 -z z ). 



(137) 



22 1 Far Field Scattering (Circular Symmetry) 
Allying Huygens's principle to a disturbance 

SS^CSSS&P-^W - the Fou- 
rier transform of the aperture dtstobution. 



results. 

23. THE NATURE OF THE CHEMICAL BOND 
OF HYDROGEN 

The hydrogen molecule charge and current density 
futons, bond distance, and energies are solved 
She Laplacian in ellipsoidal coordinates with the 
constraint of nonradiation: 



r™___L— 2*"f fJ(0.567a 0 ) 2 -z 2 

F(S) " 4^67^7 J-T (138) 

The intensity /i - is the square of the amplitude: 

2k 

lf=F{sf=I t 



ft 



d ( dd>^ 



(141) 



(z 0 w) 2 +(v) 2 



The force balance equation for the hydrogen molecule 
is 



/ r 



(z 0 w) 2 +(v) 



/ _ 



z 0 s 



_(z 0 w) l +(v) a . 



^ 5/2 [((^ w ) 2+ ( z o 5 ) 2 ) ,/2 l 



fc 2 e 2 ft" „ t 2 



2 L 2 



waft 



4^ 0 " 1 2m c aV 



2afe 2 X,(142) 



where 



^shA w = 0(unitsofC- 1 ). (140) 
X 2 

Sedastic scattering of electrons by hehum atoms 
fa sho™1m>hically to Fig. 13. The elasttc drfferen- 
HafSssSon as'a functor of the ■£ £££ 

proximation ana in ese reS ults which are based 

-™t 03.34) The closed-form function ((139) ana 
(S for the J* differential cross-section for the 
Sc scattering of electrons by hehum atoms is 



v 1 _J—I d43) 

Equation (142) has the parametric solution 

r (f) = iacosfi* + j&sinft* O 44 ) 

when the semimajor axis a is 

«-«, < 145) 

The mternuclear distance 2d, which is the distance 
between the foci, is 



2c' = >/2a 0 



(146) 
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The experimental internuclear distance is ao. The 



semiminor axis is 



(147) 



The eccentricity e is 



4~2 



(148) 



23.1 The Energies of the Hydrogen Molecule 

The potential energy of the two electrons in the cen- 
tral field of the protons at the foci is 



V=- 



-2e 2 



a + Ja 2 -b 2 



rln 



(149) 



= -67.8358 eV. 



The potential energy of the two protons is 



V " %xsja 2 -b 2 



= 19.2415 eV. (150) 



The kinetic energy of the electrons is 



T = 



a + Ja 2 -b 2 
2ma4a 2 -b 2 *" a - <Ja 2 -b 2 



In 



(151) 



= 33.9179 eV. 



The energy V m of the magnetic force between the 
electrons is 



-h 2 



In 



a+Ja 2 -b 2 
4m e aja 2 -b 2 " a- yja 2 -b 2 
= -16.959 eV. 



(152) 



During bond formation, the electrons undergo a reen- 
trant oscillatory orbit with vibration of the protons. 
The corresponding energy E mc is the sum of the 
Doppler and average vibrational kinetic energies: 



= (Ke+r+ K B+g S + i,(l. (153) 
V e m " \Mc 2 2 



The total energy is 



E T =K+T + V m +V p+ E 0SC 

2 



Sne 0 a 0 



r 2 j2-j2+^ 
2 



V2-1 



(154) 



i+ khje 2 /(4^ 0 a 0 3 /^) 
V m e c 2 



2 U 



= -31.689 eV. 



The energy of two hydrogen atoms is 
E(2H[a„]) = -27.21 eV. 



(155) 



The bond dissociation energy E D is the difference 
between the total energy of the corresponding hydro- 
gen atoms (155) and E T ( 1 54): 

E D = E(2U[a H ])-E T = 4.478 eV. (1 56) 

The experimental energy is E D = 4.478 eV. The calcu- 
lated and experimental parameters of H2, D 2 , H2 + , and 
D 2 + from Chapter 12 of Ref. 3 are given in Table II. 

24. COSMOLOGICAL THEORY BASED ON 
MAXWELL'S EQUATIONS 
Maxwell's equations and special relativity are based 
on the law of propagation of a electromagnetic wave- 
front in the form 



c 2 UJ 



lax J + {dy) + {dz) 



= 0.(157) 



For any kind of wave advancing with limiting velocity 
and capable of transmitting signals, the equation of 
front propagation is the same as the equation for the 
front of a light wave. Thus the equation 
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_Lf££iY_(grad^) 2 =0 
c 2 {dt ) 



(158) 



_K!5^~M« 

tion with the results oivnc p equation 

taW-g^^Xfc*,* (2) to 

governs (1) the moxioa " m measurements 

S*^^^^^*!* as time 
between inertial fr ^ JV^nkowski tensor), (4) 
mass, momentum, and le *^ ^° me conversion of 
todamentalparucleprod^ 

matter to energy, (5) annihilation (SM), 
time due to P^X^Ln of the universe, and 

(6) the ^ s 7 f ^ d re C SSi between Maxwell's 

(7) the ^ * ^££S£ de Broglie equation, 
equations, Planck s e ^ a «° n ' , relativ ity. 
Newton's laws, and i special and be ^ een 

The relationship between ^ime mt ^ 
ticks t of a clock in motion with «*w^ on a 
an observer and the time interval* between 
clock at rest relative to an observer is 

(ctf =M 2 + {vt)\ 0 59 > 

Thus the time dilation 

stant maximum speed of light c in any 

is 

(160) 



new theory. From the 

denved; from W s c ^ B J«, 

S__t£ 1^ * 
energy equation of Newtonian gravitation is 



1 GMm 

£ __ mv _____ 

_i WVoI ___^ = constant. 

2 r 0 



(161) 



Since h, the angular momentum per unit mass, is 

ft = iL_|rxv|=r 0 v 0 sin^, 
m 

the eccentricity e may be written as 




e= 1 + 



vo-— J G 2 M 2 



1/2 



(162) 



r = 



f rtr Fnclidean space is the Minkowski 
The metric f^^f^aration of proper tune 
tensor ^ to tos c f e 'T fln / ^ + is ^ 2 = 
between two events x" and x 

-n^dx". 

SZ experiment « ^,25___ 

docks run ^**J£Z&££2m and 

field). The eqmvalence of to J^ 1 which is 

the inernal mass, >Vm, > m ™' . d _ v ta- 
predictedbyNeyrton-sbwofmechamosanogr ^ 

__3«J£m=« 
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where . is to inertia. »- J^^^^S. 
speed of to pared. . r„ is .to <^f^ 
ftom a massive object, # 

rection of motion of to partic ^ 
torn to object, and M « * e J^? ci „ „ ^ m by 
(including a particle). ^Codon in the case 
Uton's fte-»^ te , -S_- of to 

2 of (163)): 



£<0 


, 2GAf 
vj<— 


e<l 


£<0 


. 2GM 


e = 0 


£ = 0 


, 2GM 
Vo="7- 


e = \ 


E>0 


. 2GM 

M> 





caseofelUpse) ^ 



orbit 



orbit 



26. CONTINUITY CONDITIONS FOR THE 
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PRODUCTION OF A PARTICLE FROM A 
PHOTON TRAVELING AT LIGHT SPEED 
A photon traveling at the speed of light gives rise to 

a particle with an initial radius equal to its Compton 

wavelength bar: 



special relativistic time dilation, where the relative 
velocity of two inertial frames replaces the gravita- 
tional velocity. 

The general form of the metric due to the relativistic 
effect on space-time due to mass mo with v g given by 
(165) is 



mc 



(164) 



The particle must have an orbital velocity equal to the 
Newtonian gravitational escape velocity v g of the an- 
tiparticle: 



_ \2Gm _ \2Gm Q 
= V r = V X c 



(165) 



The eccentricity is one. The orbital energy is zero, 
corresponding to conservation of energy. The particle 
production trajectory is a parabola relative to the cen- 
ter of mass of the antiparticle. 

26.1 A Gravitational Field as a Front Equivalent to 
a Light-Wave Front 
A particle with a finite gravitational mass gives rise 
to a gravitational field that travels out as a front 
equivalent to a light-wave front. The form of the out- 
going gravitational field front traveling at the speed of 



light is J{t - r/c), and dr 1 is given by 



dT 2 =f{r)dt 2 -\[f(rrdr 2 

c 

12 , Jl 



(166) 



+rW+r 2 sin 2 0</^ 2 ]. 



The speed of light as a constant maximum as well as 
the phase-matching and continuity conditions of the 
electromagnetic and gravitational waves require the 
following form of the squared displacements: 



(czf+(V) 2 =(c0 2 > 



/(r) = 



1- 



V «- J 



(167) 



(168) 



In order that the wave-front velocity not exceed c in 
any frame, space-time must undergo time dilation and 
length contraction due to the particle production 
event. The derivation and result of space-time time 
dilation are analogous to the derivation and result of 



dr 2 = 









2\ 


1- 








V 




J 





dt 2 



f f \ 2 \ 



1- 



-1 



dr 2 



(169) 



+rW+r 2 sm 2 0df 



The gravitational radius r g of each orbitsphere of the 
particle production event, each of mass mo, and the 
corresponding general form of the metric are, respec- 
tively, 



2Gm n 



(170) 



and 



dr 2 = 



V r J 
r 



dt 2 



dr 2 +r 2 d0 2 +r 2 sin 2 6df 



J 



(171) 



The metric gf, v for non-Euclidean space due to the 
relativistic effect on space-time due to mass mo is 



'-(1-B) 0 0 
0 i-(l-B)" 1 0 



0 
0 



0 
0 



0 
0 



\r 2 0 



0 \r 2 sm 2 0 
c / 



, (172) 



where B = 2Gmo/c 2 r has been used to save space. 
Masses and their effects on space-time superimpose. 
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Classical 

Tbe separation of proper time between two events *> 
andx^ + ^is 



m 0 c 2 =hco =—jT- 



= a 



-l 



dr 



~{ c 2 r ) (173) 
'^^GMj 1 d r 2 +r 2 d0 2 +r 2 sin 2 &ty 2 

„ c», /i7« rives /te relationship whereby matter 
The SM (173) gives me smC e-time that de- 

of gravity. mntinuitv Conditions 

T^oton-to-particle even, reaves - J— 
sta te tot is continuous, where to velocUy 

» gives A. ^>J%%ZT 

*e J-y.f^^XSfff* - 1 into to 

tution of r = *c> «^ u > at7 
SM gives 

(174) 



(177) 



•„ fcA> the svmbol for time defined in End- 

""Tsl^ 1- 4 « *• con - 



proper time 
coordinate time 

gravitational w ave condition 
= electromagnetic wave condition 

^ayitatiOTahn^s^ 
= charge/inertial mass phase matching 



/ (178) 



c 2 %, 



- = z - 



txc 




dx = dt\\- 



with v 2 = c 2 ; the relationship between the proper time 
and the coordinate time is 



(175) 




When the o^^^^^^Sk 
energy. Therefore 

= (176) 



27 MASSES OF FUNDAMENTAL PARTICLES 

"EaZto Plan* ^oS a^gS 
and magnetic energy corresponds to ^a parti 

— ^Xo„d ,0 £££££££ 

a nH the oarticle production trajectory is * v 
itto to center of mass of the anttparticle. 
n 1 Electron and Moon Production 
A denned in terms of a self<onsisto>. £ 

TtoS^at^rcoo^ 
proper time of *?P^*'sM corresponding to light 
^1£55f relativSc condition correspond- 
to p£k Jergy (177) gives to mass of to 
electron: (3) 



h f2GM 
2^—7 = 1 sec, 
mc 




(179) 
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= 9.0998 xlO" 31 kg, (180) 



where m^nmentai = 9.109 454 55 x 10 31 kg. 

The special relativistic condition corresponding to 
the electric energy (177) gives the mass of the 
muon: (3 * 



c 



1 



K 2Gm e (asecy 
= 1.8874xl0" 28 kg, 



(181) 



where m^^mentai = 1.883 55 x io~" kg. The differ- 
ences between the calculated and experimental values 
of the electron and muon masses are due to the slight 
difference between the present MKS second and the 
corresponding time unit defined by (179). The rela- 
tion between the muon and electron masses, which is 
independent of the definition of the imaginary time 
ruler ti given by (179), including the contribution of 
the neutrinos given in Chapter 27, the Leptons sec- 
tion, of Ref. 3, is 



m 



a 



-2\ 



772 



2n 



2/3 



l + 2^r(a 2 /2) 



l + a/2 



(182) 



= 206.768 28 



(206.768 27). 



The experimental lepton mass ratio according to the 
1998 CODATA and the Particle Data Group is given 
in parentheses/ 38,39 * 

27.2 Bowm-Bowe-Up Neutron 

The corresponding equations for production of the 
members of the neutron family are derived from the 
corresponding energies too. (3) For example, the mass 
of the neutron comprising down-down-up quarks 
given by the Planck energy is 



= 0X2*) 



l-a 



2nh 
1 secc 2 



= 1.6726 xlO" 27 kg, 



where m^expenmemai = 1.6749 x 10 kg. The relation 
between the neutron and electron masses, which is 
independent of the definition of the imaginary time 
ruler ti given by (179), including the contribution of 
the neutrinos given in Chapter 30, the Quarks section, 
of Ref. 3, is 



m N _Yhr_ 



\^\ + 2n{a 2 IT) 



l-a V a l-2x(a 2 !2) (185) 
= 1838.67 (1838.68). 



The parameters of the nucleons and the beta decay 
energy of the neutron are given in the Weak Nuclear 
Force: Beta Decay of the Neutron section and the 
Proton and Neutron section of Ref. 3, respectively. 

28. GRAVITATIONAL POTENTIAL ENERGY 

Three families of quarks are given by (183). with 
the corresponding energies given by (177). ' The 
gravitational potential energy gives the possibility of 
a fourth family. The gravitational radius, Oq or re, of 
an orbitsphere of mass mo is defined as 



Gm 0 



(186) 



When r G = r a * = Xc, the gravitational potential energy 
equals ntQC 2 : 



_ Gm 0 _ _ h 
r G ~ — T"~ A c - 



m 0 c 



(187) 
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~3 
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= 1 sec J 
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K 2n 
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(183) 



2c{2n) 2 n 



£„, = M = M = M = ^ =OTo ^. (i 8 8) 



grav 



The mass mo is the Planck mass, m u : 



(189) 



27 



n.<«ted Quantum Menag e} 



The corresponding gravitational velocity v 0 is defined 



as 




(190) 



responding to ^1 II) ^ = ^tic 

S^^wES pS-" — » = mass/space ~ 

time metric energy) 

m /=W=F = i: m<ie =^ = ^-^' (191) 



m a c 2 =h<» = 




~a 



4its 0 X c 



(2^w 0 ) 2 X 3 c 




2/i ^ 



These e,aiva.en. energy £££ 
tenns of the gravitational velocity v G 

mass m„'. 




-m.. 



2h \ 



Gm^ m =a -./fof!£^ OTB (193) 



2h c 



v g m 



sponding to « e . £ each transition state 

observed since the ^^^T-^ VG that in this 
orbitsphere is the J^^^Ssm-^ 
case is the speed of light, t>m me Qf 
tional escape velocity v, iJ^^Zve of mass 
light In this « « tSd. in a cir- 

^.SKSiiSS^— of -ther elec- 



tronic ™«~£3&^f£ 
Planck mass, where Ae £ ached . The 

and the ^^^^^^^it,^- 
Planck mass is a meas 1Q -* k } is me 
ily high Planck mass {JhdC ?- 2L18 ^1 the angular 
obtainable ^rnass ^^f^elative to\e 
momentum and speed oi m P > 

gravitational X^ofS for a particle possess- 
28 3 Astrophysical Implications of Planck Mass 
The limiting speed of Hght fa*** 
^'TirfSti^Slnesingdmtyetoina«ed 

propagation delay of me gavi^ ^ avi t at ional 

ing to special rela tivty. ™ such as a 

potential energy .dens J* ° f pjU mass, 
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27tr gy where r g is the gravitational radius of the parti- 
cle. This has implications for the expansion of space- 
time when matter converts to energy. Q is the 
mass/energy to expansion/contraction quotient of 
space-time and is given by the ratio of the mass of a 
particle at production to T, the period of production: 



Q 



m 0 _ m 0 

" T Inrjc 2n(2Gm Q lc 2 )lc 

= 3.22 xlO 34 kg/s. 



(194) 



AttG 



The gravitational equations with the equivalence of 
the particle production energies (177) permit the con- 
servation of mass/energy (E = mc 2 ) and space-time 
(JlAnG = 3.22 x 10 34 kg/s). With the conversion of 
3.22 x io 34 kg of matter to energy, space-time ex- 
pands by 1 s. The photon has inertial mass and angu- 
lar momentum, but due to Maxwell's equations and 
the implicit special relativity it does not have a gravi- 
tational mass. The observed gravitational deflection 
of light is predicted/ 3 * 
29 J Cosmological Consequences 

The universe is closed (it is finite but with no 
boundary). It is a 3-sphere universe-Riemannian 
three-dimensional hyperspace plus time of constant 
positive curvature at each r-sphere. The universe is 
oscillatory in matter/energy and space-time with a 
finite minimum radius, the gravitational radius. 
Space-time expands as mass is released as energy, 
which provides the basis of the atomic, thermody- 
namic, and cosmological arrows of time. Different 
regions of space are isothermal even though they are 
separated by greater distances than that over which 
light could travel during the time of the expansion of 
the universe. (44) Stars and large-scale structures now 
exist that are older than the elapsed time of the pre- 
sent expansion because stellar, galaxy, and superclus- 
ter evolution occurred during the contraction 
phase. (45 ~ 51) The maximum power radiated by the uni- 
verse, which occurs at the beginning of the expansion 
phase, is P v = c 5 /4xG = 2.89 x KT W. Observations 
beyond the beginning of the expansion phase are not 
possible since the universe was entirely matter filled. 
29.2 The Period off Oscillation off the Universe 
Based on Closed Propagation of Light 

Mass/energy is conserved during harmonic expan- 
sion and contraction. The gravitational potential en- 
ergy E grav given by (188) with m 0 = my is equal to 
myc 2 when the radius of the universe r is the gravita- 



tional radius r<?. The gravitational velocity v G ((190) 
with r = /*c? and m o = mu) is the speed of light in a 
circular orbit, where the eccentricity is equal to zero 
and the escape velocity from the universe can never 
be reached. The period of the oscillation of the uni- 
verse and the period for light to traverse the universe 
corresponding to the gravitational radius re must be 
equal. The harmonic oscillation period Tis 



T = 



_ 2nr G _ 2nGm u _ 2;rG(2xl0 54 kg) 

c " c 3 c 3 (195) 

= 3.10xl0 19 s = 9.83xl0 n years, 



where the mass of the universe my is approximately 2 



54 



xl0' 4 kg. (The initial mass of the universe of 2 x 10 
kg is based on internal consistency with the size, age, 
Hubble constant, temperature, density of matter, and 
power spectrum.) Thus the observed universe will 
expand as mass is released as photons for 4.92 x 10 U 
years. At this point in its world-line, the universe will 
obtain its maximum size and begin to contract. 

30. THE DIFFERENTIAL EQUATION OF THE 
RADIUS OF THE UNIVERSE 

Based on conservation of mass/energy (E = mc 2 ) 
and space-time (c 3 /4^G = 3.22 x io 34 kg/s), the uni- 
verse behaves as a simple harmonic oscillator with a 
restoring force F proportional to the radius. The pro- 
portionality constant k is given in terms of the poten- 
tial energy E gained as the radius decreases from the 
maximum expansion to the minimum contraction: 



4=*. 



(196) 



Since the gravitational potential energy E grav is equal 
to muc 2 when the radius of the universe r is the gravi- 
tational radius r<j, 



{Gm^cy 



-R (197) 



And, considering the oscillation, the differential equa- 
tion of the radius K of the universe is 



(Gm y /c 2 ) 2 



K = 0. (198) 
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The uaxinmm radim of .he 
~i A, time harmonic vanation in the radius 01 ir» 
r ° " ^ rSvTby the quotient of the total mass of 

eW*° — 10 expan " 

sion/contraction quotient: 



ct (Mpc) 



(203) 



2x10 s4 kg 
= 1.97xl0 12 light-years. 



m u ™u _ _2_*_ 



(199) 



The minimum radius corresponding to the gravita- 
tio^Sr.givenbyaTO)^^-,- 



_2Gwv =296xl0 27 m 

<~ c 2 
= 3.12x10" Ught-years. 



(200) 



me n the radius of *r unive^eis U, e gravtt^ 



(Mpc) 

For / = 10 10 light-years corresponding to 3.069 x 10 3 
Mpc, the Hubble constant H 0 is 

H 0 =78.6km/s/Mpc ( 204 ) 
The experimental valued as shown inFig. 17 i. 

H 0 = 80 ± 17 km/s/Mpc. (205) 

32 THE DENSITY OF THE UNIVERSE AS A 
' FUNCTION OF TIME 

dPmitv of the universe as a function of time 

inFig. 18, is 



cos 



r 2^ 

0 "\l«r Q le t 
(2Gm u cm v \ 



{ cntfj 



A/(') = 



(201) 



w u (0 = »i(0 _ 

no l^(o 3 

3 



cm,, 



— - — cos l — 7> 



2;rt 



1+cos 



2itGm u 



(206) 



The expansion/contraction rate ft as £mm in Fig. 
16, is given by the time derivative of (201). 



— 1t 



lGm v cm u 



AtcG) 



cm v 
AkG 



cos 



2nt 



2/rGwy 



c 3 J 



(202) 



31 THE HUBBLE CONSTANT 
The JMH. — fa^pS 

aiviaeu uy expansion is equivalent to toe 

point when the universe stopped contracting 
started to expand: 



For t - 10- «8» j^tf i!l j£ 
density of luminous matter of g 
galaxies is about A/= 2x10 g/cm . 

33 THE POWER OF THE UNIVERSE AS A 
' FUNCTION OF TIME, Pitf) 
From E = mc 2 and (194), 



p^J^fl + COS-^-l W 
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For t = 10 10 light-years, PiAf) = 2.88 x 10 M W. The 
observed power is consistent with that predicted. The 
power of the universe as a function of time is shown 
in Fig. 19. 

34. THE TEMPERATURE OF THE UNIVERSE 
AS A FUNCTION OF TIME 
The temperature of the universe as a function of 
time 7tX0, as shown in Fig. 20, follows from the 
Stefan-Boltzmann law: 



1 



( 1 



Ml] 
ea J 



1/4 



(0/4^K(/) 2 



ea 



1/4 



(208) 



The calculated uniform temperature is about 2.7 K, 
which is in agreement with the observed microwave 
background temperature/ 44 * 

35. POWER SPECTRUM OF THE COSMOS 

The power spectrum of the cosmos, as measured by 
the Las Campanas survey, generally follows the pre- 
diction of cold dark matter on the scale of 200 million 
to 600 million light-years. However, the power in- 
creases dramatically on a scale of 600 million to 900 
million light-years. (51) This discrepancy means that 
the universe is much more structured on those scales 
than current theories can explain. 

The universe is oscillatory in matter/energy and 
space-time with a finite minimum radius. The mini- 
mum radius corresponding to the gravitational radius 
r g given by (200) is 3.12 x l0 n light-years. The 
minimum radius is larger than that provided by the 
current expansion, approximately 10 0 light-years. (52) 
The universe is a four-dimensional hyperspace of 
constant positive curvature at each r-sphere. The co- 
ordinates are spherical, and the space can be de- 
scribed as a series of spheres, each of constant radius 
r, whose centers coincide at the origin. The existence 
of the mass my causes the area of the spheres to be 
less than Axr 2 and causes the clock of each r-sphere 
to run so that it is no longer observed from other r- 
spheres to be at the same rate. The SM given by (173) 
is the general form of the metric that allows for these 
effects. Consider the present observable universe, 
which has undergone expansion for 10 10 years. The 
radius of the universe as a function of time from the 
coordinate r-sphere is of the same form as (201). The 
average size of the universe ry is given as the sum of 



the gravitational radius r g and the observed radius, 
10 10 light-years: 

r„ =^+10*° light-years 

= 3.12xl0 n light-years + 10 10 light-years (209) 
. =3.22x10" light-years. 

The frequency of (201) is one half the amplitude of 
space-time expansion from the conversion of the mass 
of the universe into energy according to (194). Thus, 
keeping the same relationships, the frequency of the 
current expansion function is the reciprocal of one 
half the current age. Substitution of the average size 
of the universe, the frequency of expansion, and the 
amplitude of expansion, 10 1 light-years, into (201) 
gives the radius of the universe as a function of time 
for the coordinate r-sphere: 



K = 3.22xlO n -lxlO ] 



10 



( 



xcos 



2nt 



^5x10 light-years j 



^ (210) 
light-years. 



The SM gives the relationship between the proper 
time and the coordinate time. The infinitesimal tem- 
poral displacement dr 2 is given by (173). In the case 
that Jr 2 = dO 1 = d$ 2 = 0, the relationship between the 
proper time and the coordinate time is 



dr 2 = \\-^pL dt 2 , (211) 




(212) 



The maximum power radiated by the universe is 
given by (207) and occurs when the proper radius, the 
coordinate radius, and the gravitational radius r g are 
equal. For the present universe the coordinate radius 
is given by (209). The gravitational radius is given by 
(200). The maximum of the power spectrum of a 
trigonometric function occurs at its frequency. (55) 
Thus the coordinate maximum power according to 
(210) occurs at 5 x 10 9 light-years. The maximum 
power corresponding to the proper time is given by 
the substitution of the coordinate radius, the gravita- 
tional radius r g , and the coordinate power maximum 
into (212). The power maximum in the proper frame 
occurs at 
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light-years 



light-years (213) 



| 3.12x10" 
T = 5xl0 9 light-yeaxs^l-^^n 

= 880xl0 6 light-years 

The power maximum of the current observable ^um- 
,-o ««*Krted to occur on the scale of 88U x iw 

pfeicted value and the experimental value of 600 to 
900 x 10 6 light-years. 1 

36. THE EXPANSION/CONTRACTION AC- 
CELERATIONS 

(202): 



c 4 f 2/r* 



(214) 



The differential in the radius of f he urnv^e AK, 
diflerentiai m v , corresponds to a de- 

about an orfer of ma^mde^M expeeW ** 

lotion of the Radius of the Umverse section of Rrf. 
3. 

37 POWER SPECTRUM OF THE COSMIC 
MICROWAVE BACKGROUND 

When the universe reaches the maximum radius 

radius of the umverse, (199), it is ennrciy ia 
futd Since the photon has no gravitation* lwm£ 
radiation is uniform. As energy converts mto matter, 



the oower of the universe may be considered negative 
quarter cycle, starting from the pom of 
maximum expansion as > given by (^),^ace 
time contracts according to (194). lhe 
field from particle production travels as a hgW"™ 
front. AsYe univie contracts to a— * ; 
the gravitational radius given by (200), constructive 
m Xnce of the gravitational ^ 
tances that are integers of the amplitude r 0 of the time 
Sric variation in the radius of the umverse for 
thTtoes when the power is negative according to 
Soiling slight variations in the- gjdyrf 
matter are observed from our present r-sphere. The 
observed radius of expansion is equivalent t > * > ra- 
A\»7*f the light sphere with an origin at the time 
noint wh4 T universe stopped contracting and 
P „rL Te^nd The spherical harmonic parameter 

fc^nic variation in the radius of *e « (199) 
divided by the present radius of the light sphere, 
Se mfunivers'e is a 3-sphere universe - b» 
man three-dimensional hyperspace plu tame of a* 
stant positive curvature at each r-sphere. For t - 10 
light-years the fundamental t is given by 



n, 2xl0 54 kg/(cV 4gg) 

1.97xl0 12 light-years =19? 
10 10 light-years 



(215) 



The number of constructive interferences is given by 
teSawi integer of the ratio of the amplitudero 
o Z time harmonic variation in the radius oi 'to 
universe (199) to the minimum radius, the gravita 
tional radius (200). The number of peaks is 



y 2xl0 54 kg/(c 3 /4?rG) 

r ~ iGmjjIc 2 
g 

1 .97 x 10' 2 light-years _ ^ _^ fi 
~ 3.12xl0 10 light-years 



(216) 



The peaks are predicted to occur at the fundamental 
plu^hSonics of the fundamental - m eg er multi- 
ple, n = 2, 3, 4, 5, and 6, of the fundamental t - 197. 

£ = 197 (fundamental), (217) 
£=197+«197, n = 2,3,4,5, and 6 (harmonics). 
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From (217), the predicted harmonic parameters £ are 
given in Table IIL 

The harmonic peaks correspond to the condition 
that the amplitude of the harmonic term of the radius 
of the universe ro(«) is a reciprocal integer to that of 
the maximum amplitude r 0 . Thus r 0 («) is given by 



r 0 2xl0 54 kg/(c 3 /4^G) 

r oW = — = 

n n 

1.97 xlO 12 light-years 

n 



(218) 



The power flow of radiant energy into mass de- 
creases as the radius contracts, and the relative inten- 
sities of the peaks follow from the power flow. The 
relative intensities are given by the normalized power 
as a function of t(n); the time at which the magnitude 
of the amplitude of the harmonic term of the radius of 
the universe r 0 (n) is given by (218) corresponding to 
each contracted radius at which constructive interfer- 
ence occurs. Starting the clock at the point of the 
maximum expansion where the universe is entirely 
radiation filled and the cosmic microwave back- 
ground is uniform, the fact that the time at which the 
magnitude of the amplitude of the harmonic term of 
the radius of the universe r 0 (n) is given by (218) fol- 
lows from (201): 



, , r 0 1.97x10 
n n 



= 1.97xlO I2 cos 



12 



27tt{n) 



, , 9.83xlO n 
tin) = cos 

= 1.564xl0 l 



9.83xlO H years 
-(I) years 

cos I — I years. 



light-years, 



(219) 



The power of the universe as a function of time is 
given by (207) and is shown in Fig. 19. To express 
the negative power flow relative to the radiant energy 
of the universe corresponding to the conversion of 
energy into matter, the power of the universe as a 
function of time may be expressed as 



2nt 



^9.83x10" years 
r 

-2.9xl0 5I cos 



2nt 



W, 

\ 



^9.83x10" years; 



(220) 



W, 



where t = 0 corresponds to the time when the universe 
reaches the maximum radius corresponding to the 
maximum contribution of the amplitude ro of the time 
harmonic variation to the radius of the universe (199). 
At / = 0 as defined, the universe is entirely radiation 
filled, and the power into particle production is a 
maximum. At / = (;r/2)/[2;r/(9.83 x lo 11 years)], ac- 
cording to (220), particle production is in balance 
with matter-to-energy conversion, and the latter domi- 
nates for the following half cycle. 

The relative intensities are given by substitution of 
(219) into (220), which is normalized by the magni- 
tude of the maximum power, which occurs at the 
maximum radius. Thus the relative intensities are 
given by 



I(n) = cos 



< 2^(1.564xlQ M cos~ 1 (l//i) years > 
9.83 xlO 11 years 



(221) 



l_ 
n 



The relative intensities I(n) as a function of peak n are 
given in Table HI. 

The cosmic microwave background radiation is an 
average temperature of 2.7 K, with deviations of 30 or 
so microkelvins in different parts of the sky represent- 
ing slight variations in the density of matter. The 
measurements of the anisotropy in the cosmic micro- 
wave background have been measured with the 
DASI. (60) The angular power spectrum was measured 
in the range 100 < £ < 900, and peaks in the power 
spectrum from the temperature fluctuations of the 
cosmic microwave background radiation appear at 
certain values of £ of spherical harmonics. Peaks were 
observed at £ * 200, £ « 550, and £ » 800 with relative 
intensities of 1, 0.5, and 0.3, respectively (Fig. 1 of 
Ref. 60). There is excellent agreement between the 
predicted parameters given in Table III and the ob- 
served peaks. 

38. THE PERIODS OF SPACE-TIME EXPAN- 
SION/CONTRACTION AND PARTICLE 
DECAY/PRODUCTION FOR THE UNI- 
VERSE ARE EQUAL 
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The period of the ^^'^^^ 
radius of the universe T is given by (195). it louovv 
the Povnting power theorem with spherical ra- 

K appfe » electromagnet* energy 

decay: 



(2Gm„ cm v \ 



cm,, 



( 2n_ 

° 0S l IrtGmyj 




(225) 



2*. 



^) = e- a « U (0 = e" r «(/). 



(222) 



by 

(223) 



ia* sec, 



t^oXnr.ime,w i S 1 fl»espace-li k e.ime i <g.ve S 

w-^^-i— [(r)} (224) 

She relationship between proper time and coordi- 
nate time imposed by the SM may exist. 

39. WAVE EQUATION 

The general form of the W^*^X%££ 
given by (157) and (158). The equation of the radius 
of the universe X may be written as 



which is a solution of the wave equation for a lights 
wave front. 

40. CONCLUSION 

Maxwell's equations, Planck's equation, the de 

apply on all scales. 

APPENDIX A: DERIVATION OF THE SPIN 
FUNCTION . , . ft 

A 1 The Orbitsphere Equation of Motion for £ -0 
AAJStern-Gerlach Experiment Boundary Condi- 

It is known from the Stem-Gerlach experiment that 
a torn- of silver atoms splits into two component 
when paid through an ^homogeneous magnetic 
field. This implies that the electron is a spuvU2 parti 
cle with an intiinsic angular momentum of^^f 
direction of the applied field (spin axis W g 

^goS to generate the 
eauation of motion of the electron ((14) and (15)) is 
deveCed in this section. It was shown in Section 5 

is . With a ^^^Z 

^mlltum of Ml and a 
mentum in a resonant rotating fiwef) ^SS 
of L = h is resolved since the sum of the intrinsic and 
ST axis projections of the pressing 
h The Stern-Gerlach experiment implies a magnetic 
ft. lne Mera-vcua ^tmeton and an associated 
moment of one Bohr magneton anu „• t • 
angular momentum quantum number of 1/2. Histon 
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cally, this quantum number has been called the spin 
quantum 1 number s (s = 1/2, m 5 = ±1/2), and that des- 
ignation is maintained here. 

The electron has a measured magnetic field and cor- 
responding magnetic moment of a Bohr magneton 
and behaves as a spin-1/2 particle or fermion. For any 
magnetic field, the solution for the corresponding 
current from Maxwell's equations is unique. Thus the 
electron field requires a unique current according to 
Maxwell's equations. Several boundary conditions 
must be satisfied, and the orbitsphere equation of mo- 
tion for £ = 0 is solved as a boundary value problem. 
The boundary conditions are as follows: 

1. Each infinitesimal point (position) on the or- 
bitsphere comprising a charge (mass) density ele- 
ment must have the same angular and linear ve- 
locities given by (6) and (9), respectively. 

2. According to condition 1, every such infinitesimal 
point must move along a great circle, and the cur- 
rent density distribution must be uniform. 

3. The electron magnetic moment must be completely 
parallel or antiparallel to an applied magnetic field, 
in agreement with the Stern-Gerlach experiment. 

4. According to condition 3, the projection of the 
intrinsic angular momentum of the orbitsphere 
onto the z axis must be ±h/2, and the projection in- 
to the transverse plane must be ±Jt/4 to achieve the 
spin-1/2 aspect. 

5. The Larmor excitation of the electron in the ap- 
plied magnetic field must give rise to a component 
of electron spin angular momentum that precesses 
about the applied magnetic field such that the con- 
tribution along the z axis is ±h/2 and the projection 
onto the orthogonal axis, which precesses about 
the z axis, must be ±%/3/4 K 

6. Due to conditions 4 and 5, the angular momentum 
components corresponding to the current of the or- 
bitsphere and to the Larmor precession must rise to 
a total angular momentum on the applied field axis 
of±ft. 

7. Due to condition 6, the precessing electron has a 
magnetic moment of one Bohr magneton. 

8. The energy of the transition of the alignment of the 
magnetic moment with an applied magnetic field 
must be given by (59), corresponding to the ex- 
tended electron having a total angular momentum 
on the applied field axis of ±h. 

Consider the derivation of (1.58) and (1.59) of Ref. 
3. The moment of inertia of a point particle is mr 2 , 
and that of a globe spinning about some axis is / = 
(2/3)/^. For I = 0, the electron mass and charge are 
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uniformly distributed over the orbitsphere, a two- 
dimensional, spherical shell, but the orbitsphere is not 
analogous to a globe. The velocity of a point mass on 
a spinning globe is a function of 6> but the magnitude 
of the velocity at each point of the orbitsphere is not a 
function of 6. To picture the distinction, it is a useful 
concept to consider that the orbitsphere comprises an 
infinite number of point elements that move on the 
spherical surface. Then each point on the sphere with 
mass mi has the same angular velocity (a> n ), the same 
magnitude of linear velocity (v„), and the same mo- 
ment of inertia (/n f r„ 2 ). The motion of each point of 
the orbitsphere is along a great circle, and the motion 
along each great circle is correlated with the motion 
on all other great circles such that the sum of all the 
contributions of the corresponding angular momenta 
is different from that of a point or globe. The or- 
bitsphere angular momentum is uniquely directed 
disproportionately along two orthogonal axes. 

The current density function of the orbitsphere is 
generated from a basis set current vector field defined 
as the orbitsphere-cvf. This in turn is generated from 
orthogonal great circle current loops that serve as 
basis elements. Due to the symmetry properties of the 
angular momentum components and the correspond- 
ing current of the orbitsphere-cvf, a uniform current 
distribution with the same angular momentum com- 
ponents as that of the orbitsphere-cvf is obtained by 
using an autocorrelation-type convolution operator on 
the orbitsphere-cvf. This uniform current density 
function comprises Y o °(0, the orbitsphere equatipir^ 
of motion of the electron ((14) and (lS^^JPieffthe 
uniform, equipotential charge densityj*tficton of the 
orbitsphere with only a radi^di^continuous field at 
the surface according to (J^Tof Appendix IV of Ref. 3 
is constant in time due to the motion of the current 
along great circles. The current flowing into any 
given point of the orbitsphere equals the current flow- 
ing out to satisfy the current continuity condition V • J 
= 0. 

The current vector field pattern of the orbitsphere- 
cvf is not spatially uniform. There is no coincidence 
or nonuniqueness of elements of the current vector 
field. But there are many crossings among elements at 
single points on the two-dimensional surface of the 
electron, and the density of the crossings is nonuni- 
form over the surface. Thus each element of the basis 
set to generate the current pattern, a great circle cur- 
rent loop, must be one-dimensional so that the cross- 
ings are zero-dimensional with no element interaction 
at their crossing. (This is a logical and necessary 
geometric progression for the construction of a fun- 
damental two-dimensional particle.) In the limit the 
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basis set generates a continuous two-dimensional cur- 
! ,w!tv with a constant charge (mass) density, 

and the Leptons sections of ^-J^J^ £ n _ 
mentum in the electric and magnetic fields is con 
SSTm excited states and in the creation of » idp 

tton t fr r it if u2i : ^d^W 

p-s* paction „»**». 

~T£r£22T2£" each charge density 
elSenU^ correspondingly for each mass densrty 
that rives the current pattern of the or- 
t^l-Xlr** in two steps as follows: 

A procedure is used to generate the current ^pat- 
fem of the orbitsphere-cvf from which the physi- 
caTproperties arT derived in Section A.2 and are 
shown to match the boundary conditions. 



The current density of the orbitsphere-cvf is con- 
tiwoJZi It may be modeled as a current pattern 

^fi^ evenly distributed within two orthogonally 

S wh^e each pair undergoes independent trans- 
Cato over the surface, where the *^J£ 
SSto correspondingly divided by *e number of ba- 
sts loops, four, and then by the angul ar* 9m oHhe 
transformations, to form a ^^SS^St 
in each case The continuous uniform electron current 

Wy faction r 0 U 0 «\J> (15 lVL* e b^ 
actlv generated from this orbitsphere-cvf as a basis 
element by a convolution operator compnsmg an 

T sSn^SaTory Cartesian coordinate 
^ fcSTfel ^ Step 1. of the algonthm to 
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tr^rrte the orbitsphere-cvf is shown in Fig. 22 as the 
fT^m ?fi Tlso designated the orbitsphere-cvf 
Sference frame. The primed coordinate system is the 
sStiona^Se for the basis elements, where the fot 
SSSop always lies far me A > andfce ~ 
ond current loop always hes in the 
Crimed coordinates are only comcident with the cor 
le^Z Z ^coordinates for the initial positions, as 
responding xyz* . me current density pattern is 

«"dby g aseS 

generaiea oy grimed coordinates. 

Hefines an orientation of the basis set in tne xyz 
ive to the fame djat conges a eur- 
n-nt element of the current density pattern. 
totS and reflections are the transformations on 
me surface of a sphere that may be used to generate 
SoAShere-cvf. The orbitsphere-cvf is simply 
Generated by two steps, each compnsmg an infinite 
So neTted rotations of the two orthogonal great 
S current loops each by an 
+A«. and ±Aar about the new i' axis and new j axis 
^sSeiyT which result from the preceding such 
ro atfon. Each orientation following the conjugate 
^ rotations of the two orthogonal great circle cur- 
Snt loons where the first current loop lies m they K 
%£SZ second current loop lies jmjc. W 
I an element of the infinite : sen« . where fa StepU 
= j!,f =y, and if = and for Step 2 i - z ,7 

"For Step 1 the first such pair of ^ogo^e* 
circle current loops is shown in Fig. 22. The secona 
demertof the series is generated by rotation of the 
Setement by an infinitesimal angle ±A<* -about the 
fi4t fSollowed by a rotation by the infimtesimal 
2 >5£ aS thenew (second) / axis to form a 
SSnd^axis The third element of the series is gen- 
er^ed byStion of the second element by the 
^e infinUesimal angle ±A<* about the second x' 
axTs followed by the rotation by the same infimte*- 
nSl mZ ±A Jabout the new (third)/ axis. In gen- 
eral ttf (» + V dement of the series is generated 
by me rotation of the nth basis coordinate ^systemby 
Z infinitesimal angle ±A* about *«»**£J 
followed bv the rotation of the nth orbitsphere-cvi 
coorSte system by the infinitesimal angle ±Aa, 

throughout the rotations, and the surnma ion M Je 
reiterative rotations about the axis and the; axis is 
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-iz 



lim 2 l A ^vi = ^ 



Aa->0 n=l 



when the K axis rotates from the k axis to the -k axis. 
(The total angle (Jlll)n is the hypotenuse of the 
triangle with sides of nil radians corresponding to f 
axis rotations and nil radians corresponding to / axis 
rotations.) Step 1 and Step 2 comprise the use of Aae 
and Aof as given in Table IV. 

Next, consider two infinitesimal charge (mass) den- 
sity elements at two separate positions or points, 1 
and 2, of the two orthogonal great circle current loops 
that serve as the basis set, as shown in Figs. 22 and 
23. The vector projection of the corresponding angu- 
lar momentum at each point of each current element 
is integrated over the entire orbitsphere-cvf surface to 
give the electron angular momentum. The correct 
current pattern is confirmed by achieving the condi- 
tion that the magnitude of the velocity at any point on 
the surface is given by (6) and by obtaining the re- 
quired angular momentum projections of hll and h!4 
along the z axis and along an axis in the xy plane, 
respectively, as given in Section A.2. 

Thus the orbitsphere-cvf is generated from two or- 
thogonal great circle current loops that are rotated 
about the n\h i 1 axis and then about the (n + l)th / 
axis in two steps. For Step 1, consider two charge 
(mass) density elements, point 1 and point 2, in the 
basis set reference frame at time zero. Element 1 is at 
x' = 0, y = 0, and z* = r w , and element 2 is at x f = r„, y 
= 0, and z r = 0. Let element 1 move on a great circle 
counterclockwise toward the -y axis, as shown in 
Fig. 22, and let element 2 move clockwise on a great 
circle toward the z* axis, as shown in Fig. 22. The 
equations of motion, in the sub-basis set reference 
frame, are given as follows. 

For point 1, 

A = °> y\ = " r n sinK0> A = r n cos(<V)- (A-la) 
For point 2, 

x f 2 = r n cos(<y„0, y\ =0, z\ = r n sin(a> n i). (A-lb) 



ward the -z' axis, as shown in Fig. 23, and let element 
2 move counterclockwise on a great circle toward the 
y axis, as shown in Fig. 23. The equations of motion 
in the basis set reference frame are given as follows. 
For point 1, 

= X^cos^O, 2;=-r rt sin(6?„0-(A-2a) 

For point 2, 

x\ = r n cos(<y n 0, y' 2 = r n sin(fi>„0, z\ = 0. (A-2b) 

The great circles are rotated by an infinitesimal an- 
gle ±Aaf (rotations around the axis and z* axis for 
Steps 1 and 2, respectively) and then by ±A<Xf (rota- 
tions around the new y axis and x! axis for Steps 1 
and 2, respectively), where the positive directions are 
shown in Figs. 22 and 23. The coordinates of each 
point on each rotated great circle (xf y y, z') are ex- 
pressed in terms of the first (x, y, z) coordinates by the 
following transforms, where clockwise rotations are 
defined as positive. To save space, c and s have been 
used as abbreviations for cosine and sine, respec- 
tively. 



Step 1: 



c(Aa y ) 0 -s(Aa,) 

0 1 0 
s(Aa y ) 0 c(Aa y ) 

10 0 Yjc' 

0 c(Aa x ) s(Aa x ) y' 
0 -s(Aa x ) c(Aa x )JLz' 

c(Aa y ) s(Aa y )s(Aa x ) -s(Aa y )c(Aa x ) 

0 ^(Aa^) s(Aor x ) 

s(Aa^) -c(Aa y )s(Aa x ) c(Aa y )c(Aa x ) 



(A-3a) 



Step 2: 



For Step 2, consider two charge (mass) density ele- 
ments, point 1 and point 2, in the basis set reference 
frame at time zero. Element 1 is at x! = 0, y = r„, and 
z' = 0, and element 2 is at x* = r„, y = 0, and z' = 0. 
Let element 1 move clockwise on a great circle to- 
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10 o 
0 c(Aa,) s(Aa x ) 
0 -sCAa,) c(Aa x ) 
c(Aa z ) 



c(Aa z ) s(Aa,) 0 
-s(Aa,) c(Aa,) 0 
0 0 1 

s(AaJ 0 



-c(Aa>(Aa,) c(Aa>(Aa z ) s(Aa,) 
s(Aa,)s(Aa 2 ) -s(Aa,)c(Aa z ) c(Aor x ) 




(A-3b) 



The angular sum in (A-3a) and (A-3b) is 



2 n 



lim _ 



The orbitsphere-cvf is given by n reiterations o : (A 
3a} and (A-3b) for each point on each of the two or 
SgTalVeat circles during each of Steps 1 and 2 
where the sign of ±A* and ±A<? for each step is 
dven inTablf IV. The output given by the nonpnmed 
Sinates is the input of the next iteration corre- 
snonding to each successive nested rotation by the 
Sitesfmal angle ±Aat or ±A^, where the magni- 
tude of the angular sum of the ^rotations about the 
axis and the / axis is (V5/2)* Half or die o*- 
bitsphere-cvf is generated during each of Steps 1 and 

2 Thus, in the limit as the number of nested conjugate 
Jations n goes to infinity and we «ntd rota- 
tion angles ±Aor and ±Ae? each go to zero, toe or 
SS-cvf is gene-ted from two orthogonal great 
circle current loops that are rotated about to nth i 
axis and then about the (n + l)th/ axis unu IJhe V 
Sis coincides with the -k axis in two sepamte nn- 
plementations of the algorithm comprising Ae two 
steps. Each step involves a unique combination of the 
mifial directiolof the angular momentum vector and 
orientation of the incremental rotation 
summarized in Table TV. In the case of the nth ele 
~lt 1. the intersection of the two ^ogonal 
great circle current loops occurs at the 
which is along a great circle in a half plane that is 
21 tolhel axSand bisects the (_x)( + y) quadrant 
22. X nested rotations are also equivalent to 
Sg the orthogonal great circle basis set about fce 
S 7i i ol) by an angle ;r. (3) In the case of the nth 
dement of Step \ the ^intersection of the two or- 
thogonal great circle current loops occurs at the^ nth / 
axis, which is along a great circle m a half plane that 
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is oarallel to the y axis and bisects the (-*)(-*) quad- 
rant^f Fig 23 . The nested rotations are also equiva- 
lent to rating the orthogonal great circle basis set 
about the axis 0i„ i 2 ) by an angle -* 

Following Step 2, in order to match the boundary 
condSn Sat Z magnitude of the velocity at *iy 
given point on the surface is given by (6) ^ <wJP* 
Lf of the orbitsphere-cvf is rotated do*m b] '£ 
anele of nIA about the z axis. Using (A-3b) witii ^ 
- % J A* = 0 gives the rotation^Then *e one 
half of the orbitsphere-cvf generated from Step l is 
superimposed with the complementary half obtained 
from S 2 following its rotation about the z axis of 

by me nested rotations of the orthogonal great circle 
current loops is a continuous and total coverage of the 
Seal surface, but it is shown as a visual represen- 
ting 6° increments of i 
variable ±A<* and ±Aq? of (A-3a) and (A-3b) from 
axis perspective in Fig. 2. The complete or- 
bitsphere-cvf current pattern corresponds to all the 
corVelated points, points 1 and 2, of the orthogonal 
^fcnxles show^in Fig, 22 and 23 which are ro- 
uted according to (A-3a) and (A-3b), where ±A* 
and +A«r approach zero and the summation of the 
Mni^sSnarangular rotations of ±** jf 
about the successive i axes and/ axes is ( V2 /2)tf lor 
each step. The pattern also represents 
vector field which is not equivalent to the mass 
(cCe) density, which for YM 0 *™ fom ^ 
£e patterns represent the directions of the nonuni form 
flow of the uniform and constant mass and charge 
Ebution of YM * The <**ft^™~ 
a basis element to exactly generate Y 0 (0, <ft, as given 
in Appendix HI of Ref. 3. 

A.2 Spin Angular Momentum of the Orbitsphere 
with I = 0 

As demonstrated in Figs. 2, 22, and 23, the ^or- 
bitsphere-cvf is generated from two orthogonal great 
circle current loops that are rotated about the nth i 
axTs and then about the (n + l)th/ axis in two s eps of 
Z series of n nested conjugate rotations^ con- 
sider two infinitesimal charge (mass) density ele- 
ments at two separate positions or points 1 and 2 o t 
Z two orthogonal great circle ^rrent loops fat 
serve as the sub-basis set, as shown in each of Figs. 
22 and 23 The vector projection of the corresponding 
momentum at each point of each curren ce- 
ment is integrated over the entire orbitsphere-cvf sur- 
f^e to give the corresponding electron angular mo- 
mentum The correct current pattern is confirmed by 




achieving the condition that the magnitude of the ve- 
locity at any point on the surface is given by (6) and 
by obtaining the required angular momentum projec- 
tions of hl2 and hi '4 along the z axis and along an axis 
in the xy plane, respectively, to satisfy the Stem- 
Gerlach experimental boundary condition. 

The mass density mJ47tr\ of the orbitsphere of ra- 
dius r\ is uniform; however, the projections of the 
angular momenta of the great circle current loops of 
the orbitsphere onto the z axis and onto the xy plane 
are not. The resultant vectors can be derived by con- 
sidering the contributions of the momenta corre- 
sponding to the two orthogonal great circle current 
loops of Figs. 22 and 23 as each basis set generates 
the current pattern of the orbitsphere-cvf in the two 
steps. The electron current, and thus the momentum, 
is first evenly distributed within the two orthogonally 
linked great circle current loops each with mass mJ2. 
The total sum of the magnitude of the angular mo- 
mentum from the contributions of all of the infini- 
tesimal points on the orbitsphere is h (7). Thus the 
angular momentum of each great circle at this point is 
h/2. The planes of the great circles are oriented at an 
angle of nil with respect to each other, and the resul- 
tant angular momentum is hi ^2 in the plane trans- 
verse to the axis on which they intersect. These loops 
are further divided into two sets of linked orthogonal 
pairs that undergo the independent transformations 
over the surface during Steps 1 and 2, where the elec- 
tron momentum and mass are correspondingly di- 
vided again by two. Thus the angular momentum of 
each great circle of each algorithmic step is h!4 and 
the resultant angular momentum is h/(2y/2) in the 
transverse plane. In cases where the angular momen- 
tum vectors are rotated relative to the xyz coordinate 
system during the algorithm, the angular momenta are 
then divided by the angular span of the rotation to 
form normalized momentum densities corresponding 
to the normalized current densities. Half of the angu- 
lar momentum is distributed over the orbitsphere-cvf 
in Step 1 and the other half is distributed in Step 2. 

Consider the vector current directions shown in Fig. 
22. During Step 1, Aa x ' and Aa y ' are both positive, 
and the resultant angular momentum vector of magni- 
tude fc/(2>/2) moves along half a great circle in the 
plane that is parallel to the z axis and bisects the 
(+*)(->>) quadrant and the (~x)(+y) quadrant. The tra- 
jectory of the resultant angular momentum vector 
from the xy plane to the z axis and back to the xy 
plane is shown in Fig. 24, where the angle ft of the 
resultant angular momentum vector from the initial xy 
plane position varies from 0= 0 to 0= tl Here it can 
be appreciated that the vector projections onto the z 
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axis all add positively and the vector projections into 
the xy plane sum to zero. With the initial direction 
defined as positive, the projection in the xy plane var- 
ies from a maximum of/i/(2V2) to zero to 
The projection onto the z axis varies from zero to a 
maximum of hl(2 *J2 ) to zero again. In each case, the 
projection of the angular momentum is periodic over 
the angular range of 0. The total of each projection, 
Ljy and L z , is the integral as a function of 0 of the 
magnitude of the resultant vector of the two orthogo- 
nal angular momentum component vectors corre- 
sponding to the two orthogonal great circles. For Step 
1, the vector projection of the angular momentum 
onto the xy plane is given by the sum of the vector 
contributions from each great circle: 




where each angular integral is normalized by ttI2 9 the 
angular range of ft Similarly, the vector projection of 
the angular momentum onto the z axis as shown in 
Fig. 24 is 





2 


— sin# 
.4 


+ 



(A-4b) 



__h \_ = h 

" 272 V2~ 4' 

where each angular integral is normalized by 1^ the 
angular range of ft Thus, from the initial tt!4 of angu- 
lar momentum along each of the x and y axes, hl4 
canceled in the xy plane and h/4 was projected onto 
the z axis as the angular momentum was spread over 
one half of the surface of the sphere with Step 1. 

Consider the vector current directions shown in Fig. 
23. During Step 2, Aa/ is negative, Aa* is positive, 
and the nested rotations cause the orthogonal great- 
circle basis set to rotate about the vector (-hiJ4> Oiy, 
h\J4). Thus the resultant angular momentum vector of 
magnitude h/(2^2) is stationary throughout the 
nested rotations that transform the axes, as given in 

39 



Classical Quantum Mechan ics W 

Table IV. Then the */4 rotation about the z axis fol- 
low ng Step 2 only rotates U by the same ang e in toe 
ZZcSch tha/the component is onented along toe 
Sector of the (-*)( + v) quadrant, as show* ^ Fig^ 23^ 
Thus the resultant angular momentum ^po^ent of 
Steo 2 that is transverse to the z axis L^, is in the 
d rTction of (-U i„ 0i z ), which is also the direction of 

"ctory of 'the ^.*XTtZS£Z 
vectors of Step 1, as shown in Fig. 24 Resultant 
angular momentum projections are as given m fig. 
23: 



^ 4' 



^4 



(A-5a) 



(A-5b) 



The total vector projection of the angular momen- 
t^oTLlxy plane givenby the sum of (A-4a) and 

(A-5a) is 



n h h 



(A-6a) 



The total vector projection of the angu £ 

into the z axis given by the sum of (A-4b) and (A-5b) 

is 



h h h 



ted as the secondary orbitsphere-cvfW oA^re- 
cvf comprises two components cVrrespond^ ; to 
Steps 1 and 2, respectively. As shownta Appendix m 
of Ref 3 Sti 2 can also be generate^ by a ^rota- 
tion of a'shSe basis element current W> about me 
tiS \S$. U axis or a x rotationW two ortho- 
iorluuVrii loops such ^t &e angul£ mom^tum 
vector is stationary on the (-W -72 , ./VS , h) axis as 
the component orbitsphere-cvf is * ™ 

general case that the resultant angular mUentom <* , 
fach pair of orthogonal great circle currk tops of 
the component orbitsphere-cvf is ^g ^ rota- 
tional axis (defined as me rotational axis M gene* 
tes the component orbitsphere-cvf from * basis eie 
menTgreat circle}, a secondary ^-component orb ts- 
XreSvf can serve as a basis element to match the 
^ momentum of any given .m^eat curcle of a 
Sary component orbitsphere-cvf. The replacement 
of^ach great circle of the primary orbitsphere-cvf 
^ a sefondary orbitsphere-cvf of matchmg angular 
momentum, orientation, and phase comprises an au- 
Srrrelation-type function that exactly gives nse to 
the spherically symmetric current density Y Q W ?). 

T^foAitspLrV^f comprises the superposition or 
sum of the components correspondmg to Steps 1 and 
2 " us the convolution is performed - each compo- 
nent designated a primary component. The convolu 
Son of a secondary component orbitsphere-cvf ele- 
ment with each great circle current loop of each pn- 
m aS oXtsphere^cvf is designated as the convolution 
operator,^, 0, givenby 



(A-6b) 



. 2/r m 



The trajectories of the angular momenta and hhe re 
sultant projections, L„ and U V?*™?^^ 
been confirmed by computer ^ ula ^ he ^ 
results meet the boundary condition ^ Ite muque 
current with an angular velocity magnitude at each 
Point on the surface given by (6) and give rise , to £» 
Stem-Gerlach experiment, as shown below in Sec 
tions A 3 and A.5. The further constraint that the cur- 
r^sity is uniform such that the charge _densityis 
uniform, corresponding to an equipotential, ^ mini- 
mum-energy surface, is satisfied by usmg the or- 
bitsphere-cvf as a basis element to gyrate M^,^ 0- 
A convolution operator comprising an auto<»rrefc 
tion-type function gives rise to the spherically sym- 
r^kclrent densUy Y 0 \0, 0. The operator compn- 
festfie convolution of each great circle current loop 
o7the orbLphere-cvf designated as the pr^ary or- 
bitsphere-cvf wim a second orbitsphere-cvf designa- 



^xj-J-Hm Y Hm £ 2°0{0,<l>) 
<f>)S(0 - roA0, , f> - 0) 



Si 



(A-6c) 



Is 



2ir 



* Urn £ Um o £ 2°O(0,t) 

®(GQ te p.( w,A ^'^ +GC ^^ (m ' A ^^* )) ' 

where (rVthe secondary component orbj^here-cvf 
AaUs matched to the basis element ofjr£ pnmary is 
£fi£dby the symbol 2°O(0, 0: 0 the pnmary 
colonent orbitsphere-cvf of Step U is defined by 

of the primary component orbitsphere-cvf o ^Step U 
is selected by the Dirac d£ta .function M-mL<h* t 
- the product 1VX& 15 
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zero except for the great circle at the angle 0= mA0 M 
about me In rotational axis; each selected great circle 
havin/ 0 < $ < 2^ is defined by GC^dmA0u, <P)\ 
and (4) l/2r n 2 is the normalization constant. In (A-6c), 
the angular momentum of each secondary component 
orbitsphere-cvf is equal in magnitude and direction to 
that of the current loop with which it is convolved. 
With the magnitude of the angular momentum of the 
secondary component orbitsphere-cvf matching that 
of the current loop that it replaces during the convolu- 
tion and the loop then serving as a unit vector, the 
angular momentum resulting from the convolution 
operation is inherently normalized to that of the pri- 
mary component orbitsphere-cvf. 

The convolution of a sum is the sum of the convolu- 
tions. Thus the convolution operation may be perfor- 
med on each of Steps 1 and 2 separately, and the re- 
sult may be superposed in terms of the current densi- 
ties and angular momenta. Factoring out the seconda- 
ry component orbitsphere-cvf, which is a constant at 
each position of GCste? /JjnA0M, <jf \ gives 



2r 



In 



Km £ GC Stepl (mA^,^)(A-6d) 



V 1 m'=l 

_ Ik 



+ Um £ GC Step2 (m'A0 2 ,f) 



The summation is the operator that generates the pri- 
mary component orbitsphere-cvf of Step M, 1°mO(0> 
Thus the current density function is given by the 
dot product of each primary orbitsphere-cvf with it- 
self. The result is the scalar sum of the square of the 
Step 1 and 2 primary component orbitsphere-cvfs: 

s. 

m<f>) = (0 °. <W» 2 + 0 °2 <K6, <f>)) 2 ), (A-6e) 

where the dot-product scalar is valid over the entire 
spherical surface. The orbitsphere-cvf squared given 
in (A-6e) is the equation of a uniform sphere. The 
superposition of the uniform distributions from Steps 
1 and 2 is the exact uniform current density function 
Y o \0, 0 that is an equipotential, minimum energy 
surface, as shown in Fig. 1 . The angular momentum is 
identically that of the superposition of the component 
orbitsphere-cvfs of the primary orbitsphere-cvf, = 
h/4 and L 2 = fill, given by (A-6a) and (A-6b). 



The Stern-Gerlach experiment described below 
demonstrates that the magnetic moment of the elec- 
tron can only be parallel or antiparallel to an applied 
magnetic field. In spherical coordinates this implies a 
spin quantum number of 1/2 corresponding to an an- 
gular momentum on the z axis of h/2. However, the 
Zeeman splitting energy corresponds to a magnetic 
moment of and implies an electron angular mo- 
mentum on the z axis of h — twice that given by (A- 
1) to (A-6). Consider the case of a magnetic field ap- 
plied to the orbitsphere. The magnetic moment corre- 
sponding to the angular momentum along the z axis 
results in the alignment of the z axis of the orbitsphere 
with the magnetic field, while the hi 4 resultant vector 
in the xy plane causes precession about the applied 
field. The precession frequency is the Larmor fre- 
quency given by the product of the gyromagnetic ra- 
tio of the electron, e/2m 9 and the magnetic flux B. {62) 
The precessing electron can interact with a resonant 
photon that gives rise to Zeeman splitting — energy 
levels corresponding to parallel or antiparallel align- 
ment of the electron magnetic moment with the mag- 
netic field. The energy of the transition between these 
states is that of the resonant photon. The angular mo- 
mentum of the precessing orbitsphere comprises the 
initial h/2 projection on the z axis and the initial h/4 
vector component in the xy plane that then precesses 
about the z axis. As shown in the Excited States of the 
One-Electron Atom (Quantization) section of Ref. 3, 
conservation of the angular momentum of the photon 
of h gives rise to the h of electron angular momentum. 
The parameters of the photon standing wave for the 
Zeeman effect are given in Sections A.3 and A.4. 

The angular momentum of the orbitsphere in a 
magnetic field comprises the static h/2 projection on 
the z axis (A-6b) and the h/4 vector component in the 
xy plane (A-6a) that precesses about the z axis at the 
Larmor frequency. A resonant excitation of the Lar- 
mor precession frequency gives rise to a trapped pho- 
ton with the h of angular momentum along a precess- 
ing S axis. In the coordinate system rotating at the 
Larmor frequency (denoted by the axes labeled Xr 9 
Y Ry and Zr in Fig. 25), the X R component of magni- 
tude h/4 and the S of magnitude h are stationary. The 
h/4 angular momentum along Xr with a correspond- 
ing magnetic moment of //*/4 (A-55) causes S to ro- 
tate in the YrZr plane to an angle of 0= n/Z such that 
the torques due to the Zr component of h/2 and the 
orthogonal X R component of h/4 are balanced. Then 
the Z R component due to S is ±ft cos (/r/3) = ±ft/2. The 
reduction of the magnitude of S along Zr from h to 
h/2 corresponds to the ratio of the Xr component and 
the static Zr component of (h/4)/(h/2) = 1/2. 4 Since 
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the X R component is ft/4, the Z R component of S is 
m whSi *lds to the initial ft/2 component to give a 

^SSSSSiS 'sector S precesses about the z 
axis aTTSe of 9= */3 and an angle of nil 
S reject g ^ by C^^"£S 
tude of ft, the S projections in the X R Y R plane ana 

along the Z R axis are 



n 3 
S i =ftsin- = ± ) (-^» 



^ ft. 
S Q = ±ficos- = ±-i Zjl . 



(A-7a) 



(A-7b) 



The plus or minus sign of (A-7a) and (A-7b) corre- 
V L ap two nossible vector orientations ob- 

de f bed 

Sw Tte sum of the torques in the ex temal njg- 
n e rfield is balanced unless an RF field »^.dto 
cause a Stern-Gerlach transition, as discussed m Sec 

ti As A shown in Fig. 26, S forms a cone in time in the 
no^oSg laboratory frame with an angular momen- 
Z o 'h fhat is the source of the known magnetic 
moment of a Bohr magneton (A-55), as shown in Sec- 
tion The projection of this angular momentum of 
^2 onto the z axis adds to the z axis component be- 
fore me magnetic field was applied to give a total of 
H , in Z absence of a resonant V^n ^ 
component of the angular momentum is ft/2, but the 
eSation of the pressing S 
twice the angular momentum on the z axis. In aom 
Son rXrX a continuum of orientations with cor- 
rSondnS energies, the orientation of the ^ magnetic 
moS must bfonly parallel or **^»*» 
magnetic field. This arises from conservation of angu- 
SenLi between the "static" and «c * 
axis projections of the angular momentum with the 
XtFonal constraint that the angu ar momentum has a 
'-kinetic" as well as a "potentia " or vector ^potential 
component. To conserve angular momenmm, flux 
linkage by the electron is quantized in i units ot me 
nWetic flux quantum O 0 = hl2e, as shown in Sec- 
SZ1 4 and A.5. Thus the spin quantum number is 5 
- 1/2 m = +1/2, but the observed Zeeman splitting 
Spends 7o a full Bohr magneton due *■ jher ft o 
angular momentum. This aspect was historically felt 
to be toplicable in terms of classical physics and 
was merely postulated in the past. 



The demonstration that the boundary conditions of 
the electron in a magnetic field are met appears m 
Section A.4. The observed e ectron £»J*^ « 
explained physically. Classical laws give (1) a gyro 
magnetic ratio of e/2m, (2) a Larmor P"*"^ 
quency of *B/2m, (3) the Stem-Gerlach ^^ntal 
result of quantization of the angular momentum that 
h^pls a q spin quantum number of 1/2 correspondmg 
to an angular momentum of ft/2 on the z axis, and (4) 
me^rved Zeeman splitting due to a magnetic mo- 
ment of a Bohr magneton M b - ponding 
to an angular momentum of ft on the z axis. Further- 
more,^ solution is relativistically myanant, as 
Xwn in the Special Relativistic Correction to the 
SSion Energies section of Ref. 3. Dirac ongmal y 
S^d to X the bound electron P« w^ 
stability with respect to radiation according to Max 
wSVtions'with the further constats HW* 
was relativistically invariant and gave nse to election 
Tot (,9) He was unsuccessful and resorted to to CUT- 
S' JL" probability wave model which ^as 
many problems, as discussed [previously (Refs. 5 and 
63 and Chapter 1, Appendix II, of Ret. 5). 
A.3 Magnetic Parameters of the Electron (Bohr 
Magneton) 

A.3.1 The Magnetic Field of an Orbitsphere from 

Spin 

The orbitsphere with I = 0 is a shell of negative 
Current comprising correlated 
along great circles. The superposition of the vector 
nroilcL of the orbitsphere angular momentum on 
£e z £1 is ft/2, with an orthogonal component of 
m . rsholn in Section A.l, the apphcatior, .of a 
magnetic field to the orbitsphere gives nse , to, a. pre- 
ssing angular momentum vector S directed from Ae 
origin of the orbitsphere at an angle of 6 - nl} rela 

onto the axis of the applied [ magnetic field of 
+h/7 <A-7to The superposition of the ft/2, z axis 
ctmponenfof me orb&phere angular momentum and 
z axis component of S gives ft corresponding 
to the observed ma^etostatic electron magnetic mo- 
ment of a Bohr magneton. The ft of angular momen- 
rT along S has a correspondingjfrecessmg magnetic 
moment of one Bohr magneton: 



= _!L=9.274xl0- 24 J-r 1 . (A-8) 



2m, 
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The rotating magnetic field of S is discussed in Sec- 
tion A.4. The magnetostatic magnetic field corre- 
sponding to hb derived below is given by 



H = 



eh 

j(i r cos#-i0sin0) forr <r n , 



eh 



(A-9) 



2m e r 



- (i r 2 cos 0 + sin 0) for r > r n 



It follows from (A-8), the relationship for the Bohr 
magneton, and the relationship between the magnetic 
dipole field and the magnetic moment mt, (65) that (A- 
9) is the equation for the magnetic field due to a mag- 
netic moment of one Bohr magneton, m = ju B i z > where 
i z = i r cos 0- i$ sin ft Note that the magnetic field is a 
constant for r<r n (see Fig. 6). It is shown in Section 
7 that the energy stored in the magnetic field of the 
electron orbitsphere is 



2*2 



■'mag Jot al 



2 3 



(A-10) 



A. 3.2 Derivation of the Magnetic Field 

For convenience the angular moment vector with a 
magnitude in the stationary frame of h will be defined 
as the z axis, as shown in Fig. 6. 5 The magnetic field 
must satisfy the following relationships: 



V-H = 0 in free space, 



(A-ll) 



i =■ 



eh 



sin#. 



(A-15) 



The angular function of the current density of the 
orbitsphere is normalized by the geometrical factor 
^ given by 



N-. 



In ]tf-z 2 )dz 



3 

2' 



(A-16) 



corresponding to the angular momentum of h. (Equa- 
tion (A-16) can also be expressed in spherical coordi- 
nates for the density of a uniform shell divided by the 
integral in 0 and <f> of that of a spherical dipole 
squared. (67) The integration gives 8^/3, which, nor- 
malized by the uniform mass density factor of 4^ 
gives the geometrical factor of (2/3)" 1 .) The current 
density Kz^ along the z axis with vector orientation 
perpendicular to the angular momentum vector is 
given by dividing the magnitude of \if (A-15) by the 
length r n . The current density of the orbitsphere in the 
incremental length dz is 



K(p,£z) = i,tf 



eh 



= a 



3 eh 
* 2 mrt 



(A-17) 



Because 



z = rcos 0, 



(A-18) 



nx(H fl -ej = K, 

M;(H fl -H 6 ) = 0, 



(A-12) 



(A-13) 



(A-14) 



Since the field is magnetostatic, the current is equiva- 
lent to current loops along the z axis. Then the z com- 
ponent of the current |i| for a current loop of total 
charge e, oriented at an angle 0 with respect to the z 
axis, is given by the product of the charge, the angular 
velocity given by (9), and sin 0 9 where the projection 
of the current of the orbitsphere perpendicular to the z 
axis that carries the incremental current ii$ is a func- 
tion of sin 0: 



the differential length is given by 
dz = -sin 0rd0 y 



(A-19) 



and so the current density in the differential length 
r n d0 as measured along the periphery of the or- 
bitsphere is a function of sin 0 9 as given in (A-15). 
From (A-17), the surface current density function of 
the orbitsphere about the z axis (S axis) is given by 



3 eh 

K(r, 0, <p) = L T sin 0. 

2 tnr 



Substitution of (A-20) into (A-12) gives 



(A-20) 



43 




b . 3 eh 



2m e r n 



u . „ t u e derivative of ¥ with respect to 9 
To obtain He, the d ^ va * te mat me 0 depend- 

mUSt b f%T4k"n JSoToTte field is finite at the 
ence of ^ be taken ^ of Laplace's 

^ consistent with these conditions. 



electron in a magnetic field are met appears in Section 

-sinfl. (A" 21 ) A.4. 

A.3.3 Derivation of the Energy 

The energy stored in the magnetic field of the elec 
tronis 



E^"i)y^ Medts> ' (a " 27) 



(A-28) 



C^-jcos0, r<r n , 
cos0, r>r K . 
The negative gradients of these potentials are 



(A-22) 



& mag .internal 

1 

2jt t 



\ A 29) 

0 0 o y _ J ' 



H = 



Z£(i r cos0 -\ e sin^) for r < r »» 
r. 



(A-23) 



2cos0 + i tf sin 0) for r>r„. 



tionships among the variables: 

-£ = 2 J 4 j (A-24) 
r. r n ' 



3«tf 

E mag, external 

1 

2* j 



life 

o o /i\L « 1 



r. r. 2 m/„ 



(A-25) 



2fe2 



Solving the variables algebraically gives the magnetic 
fields of an electron: 



(A-30) 



(A-31) 



m e r, 



H = 



eft T (i r costf - i 9 sin 0) for r < r„, 



eh 



I 2m/ 



T (i r 2cos 0+ ^ sin 0) for r>r„ 



(A-26) 



The field is that of a Bohr magneton, wfoct t mateh<* 
^observed boundary. ^ 



where the abbreviations c for cosine and s for sine 
tobeen used where necessary to save space. 

A. 4 Boundary Conditions of the Electron in a 
Magnetic Field Are Met 

As shown in Section A.5, when a magneto fie d 
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does not change due to the Lorentzian force provided 
by B, but the velocity changes as follows: (69) 



E„ , =6.576 xl(T 38 J = 4.104xl0 -9 eV, (A-41) 



Av = - 



erB 
2m. 



corresponding to a precession frequency of 
Av eB ■ 

°-T m 2*; mrA 



(A-32) 



(A-33) 



where y e is the electron gyromagnetic ratio and co is 
the Larmor frequency. Equation (A-32) applies to the 
current perpendicular to the magnetic flux. In this 
case the moment of inertia / of the orbitsphere that is 
independent of and superimposes the spin moment of 
inertia is 



and 



Am = 1.315 xlO -28 JT 



(A-42) 



where the radius is given by (70), and 2/3, the geo- 
metrical factor of a uniformly charged sphere, (66) was 
used in the case of (A-42). Thus these effects of the 
magnetic field are very small when they are compared 
to the intrinsic angular momentum of the electron of 



L=/i = 1.055xl(r 34 Js 



(A-43) 



The electronic angular frequency of hydrogen given 
by (9) and (70) is 



(A-34) 



since the charge {mass) is uniformly distributed on a 
spherical surface.* 6 * 0 From (A-33) and (A-34) the an- 
gular momentum L and rotational energy E rol are 



L = Io> = -m e r?y e B 



(A-35) 



= 4.134xl0 ,6 rads 



°\ = 2 

The total kinetic energy given by (72) is 
T = 13.606 eV. 



(A-44) 



(A-45) 



The magnetic moment of a Bohr magneton given by 
(A-8) is 



and 



EraA^A^rM, (A-36) 



respectively. The change in the magnetic moment 
corresponding to (A-32) is< 69 > 



Am = *-B. 

4m e 



(A-37) 



Using (A-33) to (A-37), in the case of a very strong 
magnetic flux of 10 T applied to atomic hydrogen, 



^ = 8.794xlO u rads" 1 , 



7 = 1.701xl0' 51 kgm 2 , 



L =1.496x10-^ Js, 



(A-38) 



(A-39) 



(A-40) 



H B = — = 9.274xl(T 24 J T" 1 . (A-46) 
2m e 

Erot is the energy that arises due to the application of 
the external flux B. Thus the external work required 
to apply the field is also given by (A-41). Since the 
orbitsphere is uniformly charged and is superconduct- 
ing, this energy is conserved when the field is re- 
moved. It is also independent of the direction of the 
magnetic moment due to the intrinsic angular momen- 
tum h of the orbitsphere. The corresponding magnetic 
moment given by (A-37) does not change when the 
intrinsic magnetic moment of the electron changes 
orientation. Thus it does not contribute to the energy 
of a spin-flip transition observed by the Stern- 
Gerlach experiment. It always opposes the applied 
field and gives rise to the phenomenon of the diamag- 
netic susceptibility of materials, which (A-37) pre- 
dicts with very good agreement with observations/ 69 * 
Equation (A-37) also predicts the absolute chemical 
shifts of hydride ions that match experimental obser- 
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Mastic ResonanceS^fl 

As shown in Section A % toe fi ^f; omorises the ini- 
the orbitsphere in a «g "ft/4 vec- 
tial m projection on the z ffl ^tne 
tor component in the ^ P^J^*^ pre cession 
z axis. A resonant excitation 0 f 
frequency gives nse to an adamon ^ ^ 
angular momentum which « co ^ rf 

well's equations. As sho ^JV^ on) sectio n of Ref. 
the One-Electron Atom i^^^^ of a 

3 ' C ° n Sorc°anSveris tofcefcof electron angu- 
trapped photon can five standmg 
lar momentum along the S , *x* - in ,P m func- 
waV es of excited states are ^hencal ham ^ 
tions that satisfy Laplace s equation i P ^ 
ordinates and provide the ^^e baian ^ 

spending charge (^^^S^eion with a 
photon in the case of th ^ ^ 

fies the condition 



V/ = 0, 



(A-47) 



given by (A-50) to (A ' . J fte supe rpo- 
photon follows from (2.10) to (2.17) of Ret 



of atoms of amaterial ^^^S^t 

allel versus "^^^^^ of the mate- 
tribution that depends on the temperatur 

original temperature, in Larmor fre- 

by the application of an RF pulse at m 

momentum vectors of magmmue 
origin of the orbitsphere a ^ jj^ °' , ^ m e 
tiv f to the applied - Jf*J»*2 H» 
axis of the applied field at «^fj^ m 'iM 

IOta,e a st"ch fr Son prc duces a station- 

as described by Pate ^ ^ 

The component of (A-7b)addsto 

fame corresponding to a uonr m & 

only 4e angular momentum given by (AW ^ 
°a„d y fhe source ™"Sge ».*■»«■ 

of flux B l is 




£ = m B. 



(A-48) 



^ere the sphericaUann^ g^^S^ 
, is with respect to the S ine ut , f 
the S axis at the angular ^^J^^^a 
Vresulting current is nonradiative as sno 

V and in Chapter 1 A PP e ^' is ° f ^ostatic, as 
field in the RF rotating frame is magn 
shown in Fig. 6, but dtocted ata* 5 (be « ^s. Ho 



(A-49) 

3"™al.e^ r«ipara..e. K u,e field is 

given by (A-66): 

A£^=2^'B = W«>^ = 2 ^- (A - 50) 
mthecaseofan applied flux of 10 T, (A-50) gives 

SE** =1 855x10-" J =1.158xlO- 3 eV. (A-51) 

AP* is also (dven by Planck's equation. It can be 
torn" Lrvation of angular momentum con- 
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siderations ((A-53) to (A-59)) that the Zeeman split- 
ting is given by Planck's equation and the Larmor 
frequency based on the gyromagnetic ratio (A-33). 
The electron's magnetic moment may only be parallel 
or antiparallel to the magnetic field rather than at a 
continuum of angles, including perpendicular, accord- 
ing to (A-49). No continuum of energies predicted by 
(A-49) for a pure magnetic dipole are possible. The 
energy difference for the magnetic moment to flip 
from parallel to antiparallel to the applied field is 



= 1.855xl<T 22 J = 1.158xl0" 3 eV, 



(A-52) 



corresponding to magnetic dipole radiation. 

As demonstrated in Section A.l, h/2 of the or- 
bitsphere angular momentum designated the static 
component is initially parallel to the field. An addi- 
tional h/2 parallel component designated the dynamic 
component comes from the h of angular momentum 
along S. The angular momentum in the presence of an 
applied magnetic field is (72) 



L = rx(m c v + eA), 



(A-53) 



where A is the vector potential evaluated at the loca- 
tion of the orbitsphere. The circular integral of A is 
the flux linked by the electron. During a Stera- 
Gerlach transition, a resonant RF photon is absorbed 
or emitted, and the h component along S reverses 
direction. It is shown by (A-56) to (A-59) that the 
dynamic parallel component of angular momentum 
corresponding to the vector potential due to the light- 
like transition is equal to the "kinetic angular momen- 
tum" (r x my) of h/2. Conservation of angular mo- 
mentum of the orbitsphere requires that the static an- 
gular momentum component concomitantly flip. The 
static component of angular momentum undergoes a 
spin-flip, and concomitantly the "potential angular 
momentum" (r x eA) of the dynamic component must 
change by -h/2 due to the linkage of flux by the elec- 
tron such that the total angular momentum is con- 
served. 

In spherical coordinates the relationship between 
the vector potential A and the flux B is 



2nrA = nr 2 B. 



(A-54) 



Equation (A-54) can be substituted into (A-53) since 
the magnetic moment m is given (64) as 



charge angular momentum , A cc . 

m = - 2 (A-55) 

2 -mass 



and the. corresponding energy is consistent with (A- 
50) and (A-52) in this case as follows: 



Am= e(rxeA) _ eh/2 _n B 



2m„ 



2m A 



(A-56) 



The boundary condition that the angular momentum 
is conserved is shown by (A-65) to (A-67). It can be 
shown that (A-56) is also consistent with the vector 
potential along the axis of the applied field^ given 
by 



A = cos-// 0 - r sin0E, 

3 2m e r 

1 eh . m 

2 2m e r 

Substitution of (A-57) into (A-56) gives 

e rxe// 0 -- T sm0i 4 

_ ^ 2 2m e r 



(A-57) 



Am = 



2 



2 \ 

2ro e r, 



2m e 
eh 



(A-58) 



2m. 



with the geometrical factor of 2/3 (66) and the current 
given by (A-20). Since k is the light-like k°, then k = 
ajc, corresponding to the RF photon field. The rela- 
tivistic corrections of (A-58) are given by (1.218) and 
(1.219) of Ref. 3 and the relativistic radius r = Xc is 
given by (1.217) of Ref. 3. The relativistically cor- 
rected (A-58) is 



Am =-— ClnaX 
2 



2m e aa 0 y 



= (A-59) 

2/72 2 



The magnetic flux of the electron is given by 

VxA = B. (A-60) 

Substitution of (A-57) into (A-60) gives half the flux 
of the r > r n part of (A-26). 
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/a iiiP fdl of angular momentum before 

from (A-56) with (A >V ®v ^ 

the angular momentum of ^itoctooDm mome nt 

vationas givenby (A-55V u of energies; 

? qUati ?A ( ^lwfS me sratic-kinetic and dy- 
whereas ^mponents of the angular 

namic vector potential w v Consequen tly, as 

rts^ti ^UnSUng a y s P in 

<D 0 = i ^ 61) 
0 2e 




L = rx(m e v+eA), 



(A-64) 



u a;, the vector potential evaluated at the loca- 
7 «t me o^iSSe Conservation of angular mo- 
r^rf ^sphere permits a discrete^ 

TneX change * of Ae orbitsphere for r < r„ is de 
termined as follows:^ 



Only the states corresponding to 



(A-62) 



Av = 



erB 
2m, 



^L = ^-rxeA 



= U 2n ) 
U 2it) 



(A-65) 



are possible due to conservation of ^ 
Tt is further shown using the Poynting pow 

factor. 

A.5El«ctronjFact.r c 
As demonstrated field tot 

cnTge, but the velocity changes as follows. 



to order that the f^fSttZZ* 

be equal to ^"f^^al r r— m 
flux quantum. Thus, to conserve . s 

in the presence of an W'^^Slel „r an«par- 
Msphere magnetic momert the S«L- 

^e ttvw t l flip the orientation of the orbitsphere 
d^ornCeSmomentofaBohrmagneton^rs 



where 



Mb = 



2m e 



(A-66) 



(A-67) 



(A-63) 



power theorem, 



This corresponds to diamagnetism 
precession with a correspondmg resource a* shown 
in Section A.4. The angular momentum m the pres 
ence of an applied magnetic field is 
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V -(Ex H) = - ^// 0 H • H 



dt{2 0 J 



(A-68) 



-J-E. 



A. 5.1 Stored Magnetic Energy 

Energy superimposes; thus the calculation of the 
spin-flip energy is determined as a sum of contribu- 
tions. The energy change corresponding to the "cap- 
ture" of the magnetic flux quantum is derived below. 
From (A-31) for one electron, 



2^ (m e ?r 3 n 



(A-69) 



e 2 // 0 _ e 2 A)CV 



Imyrc 

€ n 



Substitution of (6) gives 



Substitution of 



and 



eV 0 = e 2 // 0 cv 
2/tc 



2«/. 



c = 



(A-72) 



(A-73) 



(A-74) 



is the energy stored in the magnetic field of the elec- 
tron. The orbitsphere is equivalent to a Josephson 
junction that can trap integer numbers of fluxons, 
where the quantum of magnetic flux is <£>o = h/2e. 
Consider (A-69). During the flip transition, a fluxon 
treads the orbitsphere at the speed of light; therefore 
the radius of the orbitsphere in the lab frame is 2^r 
times the relativistic radius in the fluxon frame, as 
shown in the Special Relativistic Correction to the 
Ionization Energies section of Ref. 3. Thus the energy 
of the transition corresponding to the "capture" of a 
fluxon by the orbitsphere, E^ on , is 



E fluxon _ W?^ 2 

"* (m,) 2 (2*r m )> 



_/fo£_ 



4a mr 



e n 
2 



eh 



\ 2m eJ 



leitr 



(A-70) 



n J 



7t m/ n \A ) 



4n rm t 

where A is the area and <Po is the magnetic flux quan- 
tum. We have 



p fluxon ^ 

mag ~~ ^ 



K 2m e r n )4n 



(A-71) 



where the nth fluxon treading through the area of the 
orbitsphere is equivalent to the applied magnetic flux. 
Furthermore, the term in brackets can be expressed in 
terms of the fine-structure constant a as follows: 



Mo e c 
a = — — 

2ft 



gives 



2hc c 



(A-75) 



(A-76) 



The fluxon treads the orbitsphere at v = c (k is the 
light-like k° y sok- o> n /c). Thus 



(A-77) 



A.5.2 Stored Electric Energy 

The superposition of the vector projection of the or- 
bitsphere angular momentum on the z axis is ft/2, with 
an orthogonal component of ft/4. Excitation of a reso- 
nant Larmor precession gives rise to ft on an axis S 
that precesses about the spin axis at an angle of 0 = 
7tlZ. S rotates about the z axis at the L armo r fre- 
quency. Sx, the transverse projection, is ±V3/4ft (A- 
7a), and Sj, the projection onto the axis of the applied 
magnetic field, is ±ft/2 (A-7b). As shown in Section 
A.2, the superposition of the ft/2, z axis component of 
the orbitsphere angular momentum and the ft/2, z axis 
component of S gives ft corresponding to the ob- 
served electron magnetic moment of a Bohr magne- 
ton, The reorientation of S and the orbitsphere 
angular momentum from parallel to antiparallel to the 
magnetic field applied along the z axis gives rise to a 
current. The current is acted on by the flux corre- 
sponding to <J>o, the magnetic flux quantum, linked by 
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a Hall voltage. The electric ne k term 

Consider a conductor in £2 
^ assume tot ''^XtaS field. The 

Hall effect given in the ^f^^^es th e Hall 

conductance The current is « ^ dissipa tion 
dicular to the magnetic fid* so* fa ^ 

(that is, ~ 1 ^^°SS B nfc temperatures, in 
dimensional ^^eWsTu^ennore; the ratio of 

rtssas^-? » * e totai curr ent ' 1116 

Hall resistance Rh, is precisely 



ergy states are altered by the applied 



F H =eE y . 



(A-80) 



When tee r»o forces » »f i£ 
duction electrons propagate Min ^"^ Jackson C"> 

£ w to the applied magnetic flux is 

£/L = v ( A " 81) 
B 

^ere v is the electron velocity. I. is ^sojemon- 
strated in the Integnil Quantum Hd 1 
Ref. 3 that the Hall resistance Rh in the superc 
ing state is given by 



R H — 2 



(A-82) 



" ne 2 



(A-78) 



applied along the xaw» ^ integral 

conductor m the ^ P toe Mta Conduction dec- 
quantum Hall eilect (.see ri| / direct ion as 
trons align with the applied MA mte «r 
the field permeates the material. ™ e ™™ force Fi 
carrying electrons P^x X y-SXrentzian 
&*o£2K ^ veU v in the * direction 
by an x-directed applied flux B is 



where n is an integer. transition of the 

Consider the case o toe ^ n ^ between ^ 

great circle, where 



E 

— = v, 
5 



where v is given 
83) gives 



F =evxB. 



(A-79) 



SrScT^ConducUone.ec.onen- 



(A-83) 

by (6). Substitution of (6) into (A- 

£ = J_ (A-84) 
B m e r 

x, ^ ( A 84^ is the condition for superconductiv- 
ftjr^re of crossed electric and uygj 
The electric field correspondmg to the _nau 

the Poynting power theorem (A-68). 

E[ = i 2 j{J £o E-Er 2 sin^W ( A ' 85) 



0 0 0 
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The electric term for this superconducting state is 
derived as follows using the coordinate system shown 
in Fig. 28. 

The current is perpendicular to E r , so there is no 
dissipation. This occurs when 



or 



eE = evxB 



E 

— = v. 
B 



(A-86) 



(A-87) 



The electric field corresponding to the Hall voltage is 
E = vxB. (A-88) 
Substitution of (A-88) into (A-85) gives 

E e ie = Wf J J(v*)V s\n6drd0d^ (A-89) 

^ 0 0 0 

The spin-flip transition may be induced by the ab- 
sorption of a resonant photon. The velocity is deter- 
mined from the distance traversed by each point and 
the time of the transition due to capture of a photon 
resonant with the spin- flip transition energy. The cur- 
rent corresponding to the Hall voltage and E r is 
given by the product of the electron charge and the 
frequency / of the photon, where the correspondence 
principle holds, as given in the Photon Absorption 
section of Ref. 3: 



i = ef. 



(A-90) 



The resistance of free space for the propagation of a 
photon is the radiation resistance of free space tj: 



7] 



(A-91) 



The power P r of the electron current induced by the 
photon as it transitions from free space to being cap- 
tured by the electron is given by the product of the 
corresponding current and the resistance R, which is 
given by (A-91): 



P r =i 2 R. 



(A-92) 



Substitution of (A-90) and (A-91) gives 



(A-93) 



It follows from the Poynting power theorem (A-68) 
with spherical radiation that the transition time r is 
given by the ratio of the energy to the power of the 
transition:* 26 * 



T = 



energy 
power 



(A-94) 



The energy of the transition, which is equal to the 
energy of the resonant photon, is given by Planck's 
equation: 

E = ho) = hf. (A-95) 
Substitution of (A-93) and (A-95) into (A-94) gives 

*/ 



T = ■ 



(A-96) 



The distance £ traversed by the electron with a kinetic 
angular momentum change ofh/2 is 



2nr X 



(A-97) 



where the wavelength is given by (4). The velocity is 
given by the distance traversed divided by the transi- 
tion time. Equations (A-96) and (A-97) give 



v = 



A/2 



A/2 



(A-98) 



2h 



Xf. 



The relationship for a photon in free space is 

c^Xf. (A-99) 

The fine-structure constant given by (A-75) is the 
dimensionless factor that corresponds to the relativis- 
tic invariance of charge: 
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a = 



4^ 



A _ A>1£ (A-100) 

~~~ n 2 h/e 2 2h 



taace We . ™ "™"° e , ectli< . fieW and Ihe magnetic 
S5S:Sonm3l^«ionof(A-99)a»d 

(A-100) into (A-98) gives 

( A - l01 > 

Substitution of(A-lOl) into (A-89) gives 



(A-102) 



(A-103) 



where 

free space o is 

1 (A-104) 

Thus (A-102) maybe written as 

Ei s l c ?)))fiotf 1 r 2 * a0drd0d * (A " 105) 

2 ooo 



Substitution of (A-69) to (A-7T) gives 

^-ir'fA (A408) 

A.S.3 Dissipated Energy 

° f »- lector sssssr^? 

Larmor frequency, the M 'field ™ tic 
Gerlach transition produces a stationary mg^ 
field with respect to these component^ as <™ c ™? 
fn Section A.4. The corresponding central field at Ae 

(A-48): 




(A-109) 



Substitution of (A-29) gives 



2 2w 2ft ' 



(A-106) 



the magnetic flux quantum 



0 2e 



(A-107) 



in Fig. 6, but directed along the S axis. Thus tn 
responding current given by (A-17) is 

K(^,) = f^sin., (A-HO) 

Next consider Faraday's equation for the electric 
field: 
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E-ih = ~ JajH dz. (A-l 1 1) 



As demonstrated by Purcell, (62) the velocity of the 
electron changes according to Lenz's law, but the 
change in centrifugal force is balanced by the change 
in the central field due to the applied field. The mag- 
netic flux of the electron given by (A-26) is 

ueh f(EJ)Afc/v 
B = ^ o H=^(i r cos^-^sin^)forr<r n . (A-112) J v 



The dissipative power density E • J can be expressed 
in terms of the surface current density K as 

J(E • 3)Atdv = J(E • K)Aftfo. (A-l 1 8) 



Using the electric field from (A- 11 7) and the current 
density from (A-l 10) gives 



m e r x 



From (A-77) the magnetic flux Bj. E of the fluxon is 



B JE =^^4(lcos^-i,sin^) 



2n m e r x 



(A-l 13) 



In m e r x 



1L. 



3 z 



The electric field E is constant about the line integral 
of the orbitsphere. Using (A-l 11) with the change in 
flux in units of fluxons along the z axis given by (A- 
113) gives 

}[jE-<fcfe= ]-7tr 2 ^dzi^ (A-l 14) 

-r. C -r. 



2^E \r x sin 2 OdO = -n—r? sin 3 0d0i^ 



At 

2 2AB. 

—7tr, n,. 

1 3 At * 



Substitution of (A-l 13) into (A-l 15) gives 



(A-l 15) 



;rr,E = -nr x 



2 2 a f^eh . 



= -71 



3 2n m e r x 3 At * 
2 a /^eh 



(A-l 16) 



3 2n m^At * 



Thus 



3 2n m t r{At * 



(A-l 17) 



Inn 



■JJ 



0 0 



2 a f\eh 3 eh 
K ?>2n m e r*At 2 m e r* 



Mr?sm0d0d<p (A-l 19) 



.2*2 



4 a Ttji^e h 
32tt m\rl 



Substitution oi{k-ll} into (A-l 19) gives 



J(E.J)Af* = 2^j^j p B B. (A-120) 



A. 5.4 Total Energy of Spin-Flip Transition 

The principal energy of the transition corresponding 
to a reorientation of the orbitsphere is given by (A- 
66). The total energy of the flip transition is the sum 
of (A-66) with (A-77), (A-108), and (A-120) corre- 
sponding to the electric energy, the magnetic energy, 
and the dissipated energy of a fluxon treading the 
orbitsphere, respectively: 



AE spm 



= 2 



1 + 



2k 3 yiTt) ^\2n) j 



//^(A-121) 



where the stored magnetic energy corresponding to 
the 5/df[(l/2)//oH • H] term increases, the stored elec- 
tric energy corresponding to the dldt[(\l2)£<$* • E] 
term increases, and the 3 • E term is dissipative. The 
magnetic moment of (A-66) is twice that from the 
gyromagnetic ratio, as given by (A-55). The magnetic 
moment of the electron is the sum of the component 
corresponding to the kinetic angular momentum h/2 
and the component corresponding to the vector poten- 
tial angular momentum h/2 (A-64). The spin-flip tran- 
sition can be considered as involving a magnetic mo- 
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«,«* of* times that of a Bohr magneton. The g factor 
anomalous g factor, and it is given by (A-121). 



For a 1 = 137.036 04(1 1), (76) 



2 



fc = 6.626 176(36)xl0-JHz-. (A-128) 

For these constants, 

=137.036 03(82). (A-129) 

Substitution of the a 1 from (A-129) into (A-122) 
gives 



£ = 1 001 159 652 120. 
2 



(A-123) 



(23) * 

The experimental value v is 



£ = 1 001 159 652 188(4). 
2 



(A-124) 



£ = 1.001 159 652 137. 
2 



(A-130) 



The experimental value* 23 * is 



The eclated - ^SS^— "S 
STM^M^ constant have been 
from different exoenmenta J"*^ 
^ denends on a circular argument between theory 
a depenos on a measure ment of the fine- 

feted S5« measurements employng 
^te^L sucb - «~ J- « *e £ 

;S Hat ef> (»^S^^A 

method of determination of a tnat aepenua « 

tal constants are given by Weast. 

A> = 4^xlO- 7 Hm- 1 , (A-125) 

e = 1.602 l89 2(46)xl0- 19 C, (A-126) 

c = 2.997 924 58(12)xl0 s m/s, (A-127) 



£=1001 159 652 188(4). (A-131) 
2 

The postulated QED theory of g/2 is based on the 

Maxwell's equations m a .sunn ^ fi ^^ ement 
manner that yie ds a ^esuUwiu, U ^ ^ ca . 

fX^LZs^L dnec W £ 
^Jal cons^ to deto— 

SSXS QED models, an essen- 
tiaStoe is that Maxwe/to are unique. 

Received 11 December 2002. 
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Endnotes 

1 The orbitsphere has zero thickness, but in order for 
the speed of light to be a constant maximum in any 
frame including that of the gravitational field that 
propagates out as a light-wave front at particle pro- 
duction, it gives rise to a space-time dilation equal 
to 2n times the Newtonian gravitational or 
Schwarzschild radius r g = IGmJc 1 = 13525 x 10" 57 
m according to (170) and (194). This corresponds to 
a space-time dilation of 8.4980 * 10" 57 m or 2.8346 
* 10" 65 s. Although the orbitsphere does not occupy 
space in the third spatial dimension, its mass dis- 
continuity effectively "displaces" space-time, where 
the space-time dilation can be considered as a 
'thickness" associated with its gravitational field. 

2 The theories of Bohr, Schrodinger, and now CQM 
all give the identical equation for the principal en- 
ergy levels of the hydrogen atom: 



E ZV 
* Sxe 0 n 2 a H 

= -^-x2.1786xl0-' 8 J (N-l) 

n 

In CQM, the two-dimensional wave equation is 
solved for the charge density function of the elec- 
tron. And, the Fourier transform of the charge den- 
sity function is a solution of the three-dimensional 
wave equation in frequency (k 9 <y) space. However, 
the Schrodinger equation solutions are three- 
dimensional in space-time. The energy is given by 
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00 * 

\y/Hy/dv = E \y 2 dv, 

— eO 



Thus 



00 



Hi the case that the potential energy of the JHamilto- 
^Jn w is a constant times the wave-number, the 
Sodinge? elation is the well-known Bessel 
LSn T^en with one of the solutions for * QX- 
eqdvalent to an inverse Fourier transform. Ac- 
co dingTme duality and scale change Propjties^f 
FoS transforms, the energy «P£^ ^ 
*nrf that of OM are identical, i.e., the energy 01 * 
rlaiDirac delta function of radius equal to an in- 
S multiple of the radius of the hydrogen atom 
S?) Boh? obtained the same energy formula ^by 
postulating nonradiative states with angular mo- 
mentum 



L=mh 



and solving the energy equation classically. 

The mathematics for all three theories -onverge^o 
(N-l). However, the physics is quite different Only 
COM is derived from first principles and holds over 
fSi of space-time of 85 orders of rggjote 
And. the mathematical relationship of CQM and 
0^ is basTd on the Fourier transform of the radial 
firton. CQM requires that the ^electron be remand 
physically confined to a two-dimensional surface 
*w rnrresoonds to a solution of the two 
SmenS'wte equation plus tta^«£ 

ponding Fourier transform is a wave over all space 

riSiTI solution of the three-dimensional wave 

e^^ 

Mathematically V^J^J&gZ 
with experimental energies, but the mechanisms 
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lack internal consistency and conformity with 

successfully solved any problem. The theory oi 
(N-3) B °cTas"S may transform SchrSdinger's 

^ 3) and Hdsenberg's ^^T^tyl 
termed a ctaW g«a»ft«» ^ s f h 
cTdescriptions result. For example, in the old 
ouanlum theory the spin angular momentum of the 
S» «£d the intrinsic ^lar rno— 
fN-4) This term arises because it is difficult to provide a 
^ } pTysicrinterpretation for the electron's spin angu- 
^ moment!. QED provides somewha of 
physical interpretation by proposing that the Vac 
2? contains fluctuating electnc and ma^etic 
fields In contrast, in CQM, spin angular momen 
h,m results from he motion of negatively charged 
Z s m'oving systematically, £ 
angular momentum r x p can be applied durectiy xo 
Ae wave-function (a current density function) that 
describes the electron. And, quantization is earned 
by £e pLton, rather than probability waves of the 
electron as demonstrated in this paper. 
> £3 is currently defined as the time required 
S 9T92 631 770 vibrations within the cesium-133 

^^^^ 

fundamental constants according to ^flios oteerv 
nhlM and used to measure them, lne soaepneu 
thek" measures "clicks" on an observable in one 
atect and in another, it is the ruler of space-tune 
of the universe with the implicit dependence ctf 
tace-tZ on matter-energy conversion, as shown 

* £ie torqueWance can be appreciated by consider- 
• tSs is ; aliened with Z R if the X R component is 
S ^ £ SfvLors'are mutually orthogonal 
if t l component is h/2. The balance can be 
by considering the magnetic energies ; result- 

turn is 
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E v = Mb Bcos9 = m b \ b Mb cos 6 



(N-6) 



where B is the flux due to a magnetic moment of 
a Bohr magneton and a> MB is the corresponding gy- 
romagnetic frequency. The application of a mag- 
netic moment along the X R axis causes S to precess 
about the Z R and X R axes. In the X R Y R Z R frame rotat- 
ing at a> Ms , S precesses about the X R axis. The cor- 
responding precession energy E Xr of S about the X R 
component of hi A is the corresponding Larmor en- 
ergy 



1 * 

E y = — ho) n . 



(N-7) 



The energy E z of the magnetic moment corre- 
sponding to S rotating about Z R with Till of angular 
momentum is the corresponding Larmor energy 



1 * 

E z =-fta> u . 



(N-8) 



At torque balance the potential energy is equal to 
the sum of the Larmor energies: 



E 7 +E Y =h 




(N-9) 



=—ho) n cos0. 
2 "* 



Balance occurs when 0 = tt/3. Thus the intrinsic 
torques are balanced. Furthermore, energy is con- 
served relative to the external field as well as the in- 
trinsic Z R and Xr components of the orbitsphere, 
and the Larmor relationships for both the gyromag- 
netic ratio and the potential energy of the resultant 
magnetic moment are satisfied, as shown in Section 
A.4. 

5 As shown in Section A.4, the angular momentum of 
h on the S axis is due to a photon standing wave 
that is phase-matched to a spherical harmonic 
source current, i.e., a spherical harmonic dipole 
Y e m (0 9 <fy = sin 0with respect to the S axis. The di- 
pole spins about the S axis at the angular velocity 



given by (9). Since the field is magnetostatic in the 
RF rotating frame, the current is equivalent to cur- 
rent loops along the S axis. Thus the derivation of 
the corresponding magnetic field is the same as that 
of the stationary field given in this section. 
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Figure Captions 

Figure 1. The orbitsphere is a two-dimensional spherical shell of zero thickness with the Bohr radius of the 
hydrogen atom, r = 

Figure 2. The current pattern of the orbitsphere shown with 6° increments of the infinitesimal angular variables 
±Acfy and ±Aa/ looking along the z axis. The current and charge density are confined to two dimensions at r n = 
nr\. The corresponding charge density function is uniform. 

Figure 3. The orbital function modulates the constant (spin) function (shown for / = 0, three-dimensional view). 
Figure 4. The normalized radius as a function of the velocity due to relativistic contraction. 
Figure 5. Far field approximation. 

Figure 6. The magnetic field of an electron orbitsphere (z axis defined as the vertical axis). 

Figure 7. Broadening of the spectral line due to the rise time and shifting of the spectral line due to the radiative 

reaction. The resonant line shape has width T. The level shift is A<y. 

Figure 8. The Cartesian coordinate system, where the first great circle magnetic field line lies in the x!z? plane 
and the second great circle electric field line lies in the y/z' plane, is designated the photon orbitsphere reference 
frame. 

Figure 9. The field line pattern along the z axis of a right-handed circularly polarized photon. 
Figure 1 0. The electric field of a moving point charge (v = 4c/5). 

Figure 11. The electric field lines of a right-handed circularly polarized photon orbitsphere as seen along the 
axis of propagation in the lab inertial reference frame as it passes a fixed point. 

Figure 12. The front view of the magnitude of the mass (charge) density function in the xy plane of a free 
electron; side view of a free electron along the axis of propagation (z axis). 

Figure 13. The experimental results for the elastic differential cross-section for the elastic scattering of electrons 
by helium atoms and a Bom approximation prediction. 

Figure 14. The closed-form function ((139) and (140)) for the elastic differential cross-section for the elastic 

scattering of electrons by helium atoms. The scattering amplitude function F(s) (138) is shown as an inset. 

Figure 15. The radius of the universe as a function of time. 

Figure 16. The expansion/contraction rate of the universe as a function of time. 

Figure 17. The Hubble constant of the universe as a function of time. 

Figure 18. The density of the universe as a function of time. 

Figure 19. The power of the universe as a function of time. 

Figure 20. The temperature of the universe as a function of time during the expansion phase. 

Figure 21. The differential expansion of the light sphere due to the acceleration of the expansion of the cosmos 

as a function of time. 

Figure 22. Step 1. Each point or coordinate position on the continuous two-dimensional electron orbitsphere 
defines an infinitesimal charge (mass) density element that moves along a geodesic orbit making up a great 
circle. Two such infinitesimal charges (masses) at points 1 (moving counterclockwise on the great circle in the 
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r1n „^o1 Quantum Mech anics 

W ^ > *** ^ ^ of the orbitsphere and S in the rotating coordinate system X R , 
V\<mrll5 The angular momentum components 01 me h ^ t ft ^5 are stationary. 
Xd Z* mat preSss at the Larmor S in the stationary coordinate system. S 

* — <™ to *• HaU vol,age ' to B " 
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Tables 
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Table I: The Calculated Electric (per electron), Magnetic (per electron), and Ionization Energies for Some 



Two-Electron Atoms 


Atom Ti 


Electric Energy* 


Magnetic Energy 0 


KsUlCultlltZll lUfll^ClllUfl 


1* imprint put nl TfwiiTnti niv ^ 


(a 0 ) 




(eV) 


Energy (er J 


energy {ev) 


xie u.jo/ 


Zr J.7U 


0 63 


24.59 


24.59 


JLl U.JJO 


—76 41 

/0.*T 1 


2 54 


75.56 


75.64 


r>e u.zoi 


1^6 OR 

— IjO.UO 


6 42 


154.48 


153.89 


B 3+ 0.207 


-262.94 


12.96 


260.35 


259.37 


C + 0.171 


-396.98 


22.83 


393.18 


392.08 


N 5+ 0.146 


-558.20 


36.74 


552.95 


552.06 


O 6 * 0.127 


-746.59 


55.35 


739.67 


739.32 


F 7+ 0.113 


-962.17 


79.37 


953.35 


953.89 


a from (130) 










b from (132) 










c from (133) 










d from (131) and (134) 









Table II: The Maxwellian Closed-Form Calculated and Experimental Parameters of H 2 , D 2 , H 2 + , and D 2 + 



Parameter Calculated Experimental Equation^ 



H 2 bond energy 


4.478 eV 


A A TO "1 7 

4.478 ev 


(12.251) 


D 2 bond energy 


4.DD0 ev 


H.JDXj C V 




H 2 + bond energy 


2.654 eV 


2.651 eV 


(12.220) 


D 2 + bond energy 


2.696 eV 


2.691 eV 


(12.222) 


H 2 total energy 


3 1.677 eV 


31.675 eV 


(12.247) 


D 2 total energy 


3 1.760 eV 


31.760 eV 


(12.248) 


H 2 ionization energy 


15.425 eV 


15.426 eV 


(12.249) 


D 2 ionization energy 


15.463 eV 


15.466 eV 


(12.250) 


H 2 + ionization energy 


16.253 eV 


16.250 eV 


(12.218) 


D 2 + ionization energy 


16.299 eV 


16.294 eV 


(12.219) 


H 2 + magnetic moment 


9.274 x 10- 24 J-T -1 (ji B ) 


9.274 x l<r 24 J 


T-'te) (14.1M14-7) 


Absolute H 2 gas-phase NMR shift 


-28.0 ppm 


-28.0 ppm 


(12.362) 


H 2 intemuclear distance 3 


0.748 X(V2a 0 ) 


0.741 X 


(12.238) 


D 2 intemuclear distance 8 


0.748 X(V2a 0 ) 


0.741 X 


(12.238) 


H 2 + intemuclear distance 1 * 


1.058 X(2a 0 ) 


1.06 X 


(12.207) 


D 2 + intemuclear distance* 


1.058 X(2a 0 ) 


1.0559 X 


(12.207) 


H 2 vibrational energy 


0.517 eV 


0.516 eV 


(12.259) 


D 2 vibrational energy 


0.371 eV 


0.371 eV 


(12.264) 


H 2 G><X e 


120.4 cm" 1 


121.33 cm -1 


(12.261) 


D 2 6)eX e 


60.93 cm" 1 


61.82 cm -1 


(12.265) 


H 2 + vibrational energy 


0.270 eV 


0.271 eV 


(12.228) 


D 2 + vibrational energy 


0.193 eV 


0.196 eV 


(12.232) 


H 2 J = 1 to J = 0 rotational energy 8 


0.0148 eV 


0.015 09 eV 


(14.45) 


D 2 J - 1 to J = 0 rotational energy 3 


0.00741 eV 


0.007 55 eV 


(14.37M14.45) 


H 2 + J = 1 to J = 0 rotational 


0.007 40 eV 


0.007 39 eV 


(14.49) 


energy b 

D 2 + J- 1 to /= 0 rotational 






(14.37H14.43), 


0.003 70 eV 


0.003 723 eV 


energy 3 






(14.49) 



a The intemuclear distances are not corrected for the reduction due to E c 
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«,B.^«~ ^ -^ M - , ' ta,w,, • ,, "'" 



Angle 
IT 



I(n) b 



1 197 

2 591 

3 788 

4 985 

5 1182 

6 1379 



0.91 
0.30 
0.23 
0.18 
0.15 
0.13 



1 

0.50 
0.33 
0.25 
0.20 
0.17 



8 from (217) 
b from (221) 



c^eResu.Uof.heMa.ixWo—of.heTwoO^ogona.C^en.l-ps.o 
Table IV: Summary of the Kesuus oi 
Generate the Orbitsphere 



Momentum Components 
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Figure 1 . The orbitsphere is a two dimensional spherical shell of zero thickness with the Bohr 
radius of the hydrogen atom, r = a n- 
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Fi , 2 . — pane™ of * o* Usphe* *» ^^JSJSitt 

axis The current and charge aensny 
corresponding charge density function is uniform. 



Y 




X 



View Along the Positive Z Axis 
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Fig. 3. The orbital function modulates the constant (spin) function (shown for t = 0; three- 
dimensional view). 



Modulation Spatial Charge Surface Charge 
Function Constant Density Density Function 

i (Orbital) Function (Spin) Function (Orbitsphere) 



Ofl.0 


Proton 

r o °(*0=i El8Ctron 




1.1.0 


Re $(d,<fte" J }= sin 0cos(#+ a/) 




2,00 


Re ^^^^co^e-i'^ 1 




2.1 .0 


Re }= sm 5cosecosi(^+ a^) 
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Fig. 5. Far field approximation. 
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z 

k 



1 
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Fig. 1 L The electric field lines of a right-handed circularly polarized photon orbitsphere as seen 
along the axis of propagation in the lab inertial reference frame as it passes a fixed point. 
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Fig. 12 



The Free Electron 




Fig. 13. The experimental results for the elastic differential cross section for the elastic 
scattering of electrons by helium atoms and a Born approximation prediction. 

aid) (units of a<5) 



8 



3 



-fr I I 



/ 



O 
O 

o > 

V 



8 



0 



D 



%S tft 



5 

2 
I 
i 



x 
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* nj.c n 4tt and ri47tt for the elastic differential cross section 

2£&*£S£EZ2Z W — *> 

(Eq. (145), is shown as an insert. 



0(0) (units of ao 2 > 



> 

ft 
O- 

to 




en 
o 
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Fig. 15. The radius of the universe as a function of time. 




5X10 11 IxlO 13 l.SxlO 12 2xl0 12 

Time (years) 



113 




Time (years) 



17. The Hubble constant of the universe as a function of time 
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Time (years) 
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Fig. 19. The power of the universe as a function of time. 
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Time (years) 




Fig. 21 . The differential expansion of the light sphere due to the acceleration of the expansion of 
the cosmos as a function of time. 
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2-S cohere defines an t^^SkSSSSS*^ «— » * 

geodesic orbit comprising a great circle. Two »<*'»'' . ^ mo (movin g clockw.se on 
(mTing counter clockwise on the great g^c current loops in the basrs frame 

XTgS circle in the x'z'-plane) density corresponding » the sp.n 

are considered as sub-bas* elements" ^ ^ ^ ^ ^ ^ ^ 

quantum number, 5 - , »», - 2 * , in Hereoes transformations to 

orthogonal great current loops in the xy-plane ,s ^ . 
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Fig. 23. Step Two. The orthogonal great circle basis set is rotated Aa y = y with respect to the basis 

set of Step One shown in Figure 22 and the direction of the current of the loop in the y'z'-plane is 
reversed. Point one now moves clockwise on the great circle in the y'z'-plane, and point two moves 
counter clockwise on the great circle in the x'y'-plane. The angular momentum of the orthogonal great 

circle current loops in the -xz-plane is corresponding to each of the z and -x-components of 

. J h 
magnitude - . 
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current loops of magnitude ^ during Step One. 
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Fig. 25. The angular momentum components of the orbitsphere and S in the rotating coordinate 
system X R9 Y R9 and Z R that precesses at the Larmor frequency about Z R such that the vectors 
are stationary. 
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about the z-axis. 
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Fig. 27. Coordinate system of crossed electric field, , corresponding to the Hall voltage, 
magnetic flux, B x> due to applied field, and superconducting current i 2 . 
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Fig 28 Coordinate system of crossed electric field, E r , corresponding to the Hall voltage, 
magnetic flux, B„ due to applied field, and superconducting current V 
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